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REPORT  OF  THE  DIRECTOR 


EiNQSTON,  R.  I.,  Aug.  23,  1905. 

To  Honorable  Charles  Dean  KinibaU,  President  of  the  Board  of  Man- 
agers of  the  Rhode  Island  College  of  Agriculture  and  Mechanic 
Arts. 

Sib: — ^It  gives  me  pleasure  to  report  in  detail  concerning  the  work 
of  the  Experiment  Station  during  the  year  ending  Jime  30,  1905. 

Division  of  Animal  Husbandrt. 

During  the  the  past  year  Dr.  Cooper  Curtice,  in  charge  of  the  work 
in  animal  husbandry,  has  continued  the  experiments  already  begun 
in  incubation,  brooding,  and  in  the  feeding  of  young  chicks.  In 
addition  to  this  work  the  experiments  with  turkeys  have  been  con- 
tinued for  the  purpose  of  learning,  if  possible,  how  the  "blackhead'' 
disease  of  the  turkey  (infectious  Entero-hepatitis,  Smith)  is  trans- 
mitted, and  how  it  can  possibly  be  controlled.  It  will  be  remembered 
that  several  years  ago  Dr.  Theobald  Smith,  then  in  the  employ 
of  the  Bureau  of  Animal  Industry  of  the  United  States  Department  of 
Agriculture,  working  in  response  to  the  suggestion  of  and  in  co- 
operation with  this  Station,  discovered  the  cause  of  the  disease  to 
be  a  minute  animal  parasite,  the  presence  of  which  causes  an  in- 
flammation and  an  enlargement  of  the  cseca  and  also  a  peculiar  and 
very  characteristic  appearance  of  the  liver.  Later  Doctor  Moore,  of 
the  same  Bureau  of  the  Department,  discovered  that  the  disease  could 
probably  be  transmitted  from  one  turkey  to  another  through  the 
fseces.  At  this  stage  the  investigations  were  dropped  until  they  were 
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resumed  again  by  this  Station  in  the  spring  of  1902.  After  con- 
sulting with  Doctor  Smith,  who  was  considered  the  best  expert 
upon  the  subject  of  the  disease,  Doctor  Curtice  concluded  that  prob- 
ably it  could  not  be  transmitted  through  the  egg,  and  hence  if  other 
sources  of  contamination  could  be  avoided  it  might  be  pos- 
sible to  obtain  healthy  birds  from  eggs  that  had  been  laid  even  by 
animals  that  were  themselves  diseased.  With  this  idea  in  mind  it 
was  thought  that  if  the  young  turkeys  were  reared  upon  land  where 
no  turkeys  had  been  kept  for  several  years,  even  though  the  eggs 
were  hatched  by  ordinary  hens  and  the  young  poults  were  allowed 
to  remain  with  them,  that  there  would  be  no  danger  of  contagion. 
The  experiments  of  that  year  showed,  however,  most  conclusively, 
that  the  disease  was  either  transmitted  to  the  young  turkey  through 
the  egg  or  else  by  the  ordinary  fowl  or  other  forms  of  animal  life 
which  were  to  be  found  upon  the  Station  grounds.  The  following 
spring  unsuccessful  attempts  were  made  to  obtain  turkey  eggs  in 
considerable  quantity  from  points  in  both  Virginia  and  North  Car- 
olina, where  the  disease  was  said  not  to  prevail.  Owing  to  the  failure 
of  these  attempts  it  was  decided  to  buy  some  old  turkeys  and  produce 
the  eggs  upon  the  Station  grounds.  In  pursuance  of  this  plan  two 
lots,  consisting  in  each  case  of  one  tom  and  three  hen  turkeys,  were 
procured  from  Balitmore,  North  Carolina,  and  from  Virginia.  In  both 
cases  it  was  said  that  the  disease  was  unknown  in  the  sections  from 
which  the  birds  came.  These  two  lots  of  turkeys  were  put  into  en- 
closures where  no  fowl  of  any  description  had  been  kept  for  many 
months  and  where  it  was  hoped  that  the  disease  would  not  be 
acquired.  During  the  following  summer  an  ordinary  hen  in  the 
Station  poultry  plant  died  of  a  disease  that  appeared  in  all  particulars 
to  be  identical  with  the  blackhead  disease  of  the  turkey.  This  was 
of  special  interest  in  view  of  the  fact  that  during  the  preceding  winter 
one  of  the  turkeys  from  North  Carolina  had  died  of  the  blackhead 
disease. 

Half  of  the  eggs  from  each  lot  of  turkeys  were  placed  under  hens 
and  in  incubators,  while  the  others  were  left  to  be  hatched  by  the 
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old  birds  and  to  roam  with  them  subsequently  in  the  enclosures  in 
which  they  were  confined. 

The  young  turkeys  which  had  been  hatched  in  the  incubators  and 
those  from  eggs  that  were  placed  at  first  under  hens  and  finally, in 
incubatorS;  all  of  which  had  been  brooded  artificially  where  the 
chances  of  infection  from  ordinary  fowl  were  reduced  to  a  minimum, 
succeeded  far  better  than  the  others  even  from  the  outset,  notwith- 
standing that  the  food  was  the  same  in  each  case.  So  far  as  con- 
cerned the  environment  and  the  danger  of  contamination  from 
the  poultry  plant,  there  was  practically  no  difference  between 
the  pens  where  the  old  turkeys  reared  their  young  and  those 
where  the  animals  that  were  artificially  hatched  and  brooded  were 
kept.  The  disease  appeared  at  an  early  stage  in  the  birds  that  had 
been  hatched  by  the  old  hen  turkeys,  and  the  total  mortality  was 
great;  but  in  the  case  of  the  birds  that  were  kept  for  a  time  in  inside 
enclosures  the  time  of  infection  was  much  delayed,  the  total  losses  by 
the  disease  were  much  lessened,  and  the  animals  appeared  in  general 
to  be  in  better  condition.  In  some  cases  as  high  as  80  per  cent,  of 
the  entire  lot  was  carried  through  to  Thanksgiving  time.  In  brief, 
the  evidence  obtained  was  to  the  effect  that  the  infection  was  brought 
about  after  the  birds  were  placed  in  the  outside  pens,  but  whether  it 
came  from  the  old  turkeys,  from  the  ordinary  fowl  in  the  adjacent 
poultry  yard,  or  from  other  forms  of  animal  life,  it  was  impossible  to 
determine  in  that  season.  It  seemed  possible  that  the  sparrows 
which  flew  back  and  forth  from  the  poultry  yard  to  the  turkey  pens 
might  have  carried  the  infection,  or  possibly  earthworms  that  might 
burrow  under  the  netting  which  separated  the  yards.  At  all  events 
it  seemed  to  be  of  vital  consequence  to  determine  just  how  the  dis- 
ease is  acquired  and  what  are  the  hosts  which  convey  it  to  the  young 
turkeys. 

In  order  to  throw  more  definite  light  upon  this  point  plans  were 
made  to  grow  some  more  turkejrs  in  the  poultry  yards  in  the  spring  of 
1905,  placing  some  upon  the  ground  immediately,  and  holding  others 
away  from  the  soil  and  the  outside  pens  for  several  weeks.    In  addi- 
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tion  some  turkey  eggs  which  had  been  placed  under  hens  for  a  time 
were  disinfected  and  the  hatching  was  finished  in  incubators.  These 
were  brooded  in  houses  where  the  chances  of  infection  had  been  re- 
duced to  a  minimum  by  disinfection,  and  after  the  birds  were  suffi- 
ciently old  they  were  placed  in  some  pens  in  a  piece  of  forest  land 
remote  from  any  poultry  plant.  Already  at  the  time  of  rendering 
this  report  the  birds  which  were  left  upon  the  grounds  of  the  Experi- 
ment Station  have  died  in  large  numbers  of  the  blackhead  disease, 
and  even  though  those  in  the  forest  are  many  of  them  equally  as 
old,  none  have  as  yet  been  lost  by  the  disease. 

It  must  be  realized  that  the  solution  of  the  problem  of  the  sources 
of  infection  and  the  discovery  of  the  various  possible  hosts  of  the 
disease  organism  will  be  time-consuming,  and  that  it  may  take  many 
seasons  to  accomplish  the  purpose  sought.  The  slowness  with  which 
such  an  investigation  must  be  conducted  is  much  greater  than  it 
would  be  if  turkey  eggs  and  consequently  an  abundance  of  young 
turkeys  were  available  at  all  seasons  of  the  year. 

Thanks  to  the  hearty  co-operation  of  the  Secretary  and  Assistant 
Secretary  of  Agriculture,  an  arrangement  has  been  effected  with  the 
Bureau  of  Animal  Industry  of  the  United  States  Department  of 
Agriculture  by  which  the  Bureau  is  to  assist  the  Station  during  the 
coming  fiscal  year  in  connection  with  breeding  experiments  with 
turkeys  for  the  purpose  of  controlling,  if  possible,  the  blackhead 
disease.  For  this  work  it  is  hoped  to  obtain  wild  turkeys  from 
Florida,  Virginia,  and  elsewhere,  and  to  cross  these  perhaps  among 
themselves  and  upon  some  of  the  existing  breeds  of  domestic  turke3r8. 
At  the  same  time  it  is  planned,  if  possible,  to  try  and  increase  the  egg- 
laying  capacity  and  to  produce  a  breed  or  breeds  better  adapted  for  the 
production  of  birds  of  the  size  of  quail  and  partridges  and  of  birds 
better  suited  to  the  Thanksgiving  market  than  some  of  the  present 
domestic  breeds.  It  is  hoped  that  when  this  work  is  once  entered 
upon,  the  means  will  be  obtained  from  the  Department  of  Agriculture 
for  a  continuation  of  the  co-operation  in  future  years. 

So  far  as  concerns  the  work  of  the  Division  of  Animal  Husbandry 
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of  the  Station,  it  is  desirable  that  some  arrangement  should  be  per- 
fected with  the  College  whereby  a  more  satisfactory  subdivision  of 
the  demands  upon  Doctor  Curtice  can  be  provided.  It  is  hoped  such 
an  arrangement  can  be  made  in  the  near  future. 

Horticultural  Division. 

In  the  horticultural  work  during  the  past  year  Professor  Card  has 
been  ably  assisted  by  Mr.  M.  A.  Blake,  a  graduate  of  the  Massachu- 
setts Agricultural  College.  During  the  year  each  has  devoted  a 
part  of  his  time  to  the  work  of  the  College. 

The  experiments  for  the  purpose  of  securing,  if  possible,  a  more 
hardy  bean  have  been  continued,  and  also  those  in  Indian  com 
selection. 

The  experiments  in  the  breeding  of  strawberries  are  making  very 
good  progress,  and  several  promising  new  varieties  have  been  pro- 
duced. Some  of  the  best  of  these  will  be  multiplied  as  rapidly  as 
possible  and  distributed  for  trial  in  different  sections  of  the  State. 

The  attempts  to  obtain  crosses  of  the  raspberry  which  will  render 
it  possible  to  materially  prolong  the  season  for  that  fruit  are  still 
being  continued,  though  not  with  as  great  prospect  of  immediate 
results  as  the  experiments  in  the  crossing  of  strawberries. 

In  consequence  of  little  injury  to  the  plants  during  the  past  winter, 
the  experiments  in  clover  selection  are  more  promising  than  last  year. 
The  casual  visitor  is  impressed  at  once  with  the  great  differences 
that  exist  in  the  character  of  the  individual  plants.  Some  are  early, 
some  medium,  and  some  late;  others  stand  erect  and  have  abundant 
leaves,  while  others  produce  stems  which  bear  few  leaves.  In  fact 
one  would  have  difficulty  in  finding  greater  individuality  in  the  human 
family  than  that  which  exists  in  the  red  clover  plants  produced  from 
the  seed  now  offered  in  the  market. 

The  experiments  in  progress  with  the  cauliflower  the  present  season 
are  of  striking  interest.  Two  lots  are  manured  and  being  treated 
alike  in  every  particular,  excepting  that  one  of  the  lots  is  being  grown 
under  a  cloth  cover  similar  to  the  ones  that  have  been  employed  in 
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Connecticut  in  experiments  with  tobacco.  The  results  of  such  an 
experiment  depend  largely  upon  the  season,  but  during  the  present 
summer  the  cloth  cover  is  making  a  great  difference  in  the  rapidity 
of  the  growth  and  in  the  degree  of  freedom  from  insect  injury.  The 
final  results  obtained  will  be  embodied  in  a  bulletin,  or  they  will  be 
given  in  a  later  report  of  the  Horticulturist. 

Owing  to  more  or  less  injury  to  the  blackberry  bushes  during  the 
past  winter,  the  experiments  in  interpollination  are  not  in  a  fully 
satisfactory  condition  at  present. 

The  two  new  rotations  of  market  garden  crops,  one  manured  with 
stable  manure  and  the  other  by  means  of  chemical  manures  and 
cover  crops,  promise  to  be  of  increasing  interest  with  the  advance  of 
time,  but  it  is  as  yet  much  too  early  to  form  an  opinion  concerning 
their  relative  merits. 

A  new  line  of  work  has  just  been  planned  in  this  division,  namely^ 
that  of  testing  various  mixtures  of  grasses  for  lawns,  golf  links,  and 
polo  grounds.  Accompan3ring  it  are  trials  of  the  effect  of  various 
chemical  manures  upon  the  kinds  and  the  growth  of  the  various 
grasses.  It  is  hoped  that  these  experiments  will  ultimately  prove  of 
material  interest  and  value  to  the  people  of  the  State. 

As  opportunity  offers  the  study  of  methods  for  the  control  of  the 
apple-maggot  is  being  continued. 

It  is  hoped  that  this  division  will  undertake  some  experimental 
work  with  the  peach,  for  the  purpose  of  producing,  if  possible,  a 
variety  that  will  withstand  the  extremes  of  climate  which  are  char- 
acteristic of  this  State.  There  are  said  to  be  many  isolated  seedlings 
in  the  State  which  bear  yearly  and  which  are  of  fairly  good  quality. 
These  might  well  serve  as  the  basis  for  the  steps  at  improvement,  and 
it  is  hoped  that  persons  having  knowledge  of  such  trees  will  call  the 
attention  of  Professor  Card  to  them  without  delay. 

Now  that  the  State  has  made  provision  for  the  construction  of  a 
new  greenhouse,  it  is  hoped  that  the  federal  appropriations  for  the 
Station  may  be  increased  sufficiently  to  allow  of  experimental  work 
under  glass,  so  that  something  can  be  done  for  this  industry  which 
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the  Station  has  had  to  practically  neglect  owing  to  the  lac£  of  means 
and  to  the  want  of  a  suitable  house  for  such  work. 

Division  of  Agronomy. 

The  Division  of  Agronomy  is  continuing  the  experiments  with  crop 
rotations  embracing  a  three-year,  four-year,  three  five-year,  a  six- 
year,  and  a  seven-year  rotation.  In  brief,  the  object  of  this  work  is 
to  learn  the  best  and  most  economical  means  of  renovating  and  sub- 
sequently maintaining  the  fertility  of  the  neglected  and  more  or  less 
exhausted  soils  of  the  State,  particularly  where  there  is  little  stable 
manure  available,  and  where  it  is  impracticable  or  too  expensive  to 
undertake  such  renovation  by  its  use.  In  connection  with  this 
experiment  three  check  plots  are  used,  one  of  which  receives  the  full 
amounts  of  manures  used  in  certain  of  the  rotations,  one  receives 
two-thirds  of  the  full  application,  and  another  one-third  of  that 
amount.  In  this  way  it  is  hoped  to  prevent  if  possible  the  use  of 
materially  larger  amounts  of  manures  than  are  actually  required.' 

In  grass  culture  one  set  of  plots  is  devoted  to  an  experiment  for 
the  purpose  of  learning  the  most  economical  amount  of  nitrogenous 
manure  to  use  per  acre  where  the  entire  dependence  is  placed  upon 
chemical  manures  and  where  sufficient  amounts  of  all  of  the  other 
manurial  substances  are  present  in  the  soil.  In  a  similar  manner  a 
set  of  plots  is  devoted  to  ascertaining  the  most  economical  amounts 
of  acid  phosphate  to  use,  and  another  to  finding  out  what  are  the 
most  profitable  amounts  of  muriate  of  potash  to  employ  per  acre. 
In  all  of  these  cases  the  results  are  for  guidance  in  the  treatment  of 
land  which  receives  no  stable  manure,  though  incidentally  they  are 
furnishing  valuable  hints  as  to  the  manures  that  should  be  used  in 
supplementing  the  ordinary  stable  manures. 

A  set  of  experiments  is  in  progress  for  the  purpose  of  learning,  if 
possible,  whether  it  is  best  to  use  acid  phosphate,  finely  ground  bone, 
basic  slag  meal,  or  Peruvian  guano  as  a  source  of  phosphoric  acid  for 
the  top-dressing  of  grass-lands.  Similar  experiments  are  also  in 
progress  for  the  purpose  of  comparing  the  relative  efficiency  of  the 
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phosphoric  acid  in  finely  ground  bone  meal,  acid  phosphate,  and 
Peruvian  guano.  This  is  being  conducted  with  the  cruciferous 
plants  such  as  beets  and  turnips,  which  are  in  great  need  of  easily 
assimilable  phosphoric  acid  and  which  may  fail  entirely  for  lack  of 
it  on  land  where  redtop  and  millet  will  make  a  good  growth. 

In  connection  with  alfalfa,  trials  are  being  made  of  the  efficiency  of 
nitro-culture,  of  frequent  cutting  during  the  first  year,  of  drill  culture, 
of  broadcasting,  and  of  seeding  with  oats,  rye,  and  timothy. 

There  are  four  plots  of  land  upon  the  Station  farm,  one  of  which 
has  now  become  slightly  alkaline  (the  opposite  of  acid),  and  the  three 
others  are  of  varying  degrees  of  acidity.  Upon  these  the  various 
legumes  that  are  of  agricultural  importance  are  being  tested  this 
season  to  learn  the  e£Fect  of  the  varying  soil  conditions  upon  their 
.  growth.  In  this  connection  it  is  of  striking  interest  to  see  the  differ- 
ence in  the  influence  of  these  conditions  upon  the  growth  of  plants 
that  are  botanically  closely  related.  For  example,  certain  of  the 
lupines  thrive  well  upon  very  acid  soil,  while  others  are  much  more 
subject  to  injury  by  the -same  conditions.  The  beans  also  exhibit 
marked  differences  in  this  particular,  for  the  velvet  bean  and  the 
dwarf  lima  bean  thrive  better  upon  quite  acid  soil  than  where  it  has 
been  rendered  alkaline,  while  on  the  contrary  Golden  Wax  and  cer- 
tain of  the  other  string  beans  fail  almost  utterly  upon  the  quite  acid 
soil.  Still  other  beans,  such  as  the  Horticultural  pole  bean,  seem  to 
stand  midway  between  the  two  extremes  as  concerns  the  influence 
of  these  conditions. 

The  study  of  the  aft)er-effect  of  nine  different  kinds  of  phosphatic 
manures  is  being  continued,  using  redtop  as  the  plant  to  be  grown, 
upon  the  twenty  plots  involved  in  the  experiment.  Already  the 
striking  ability  of  the  redtop  to  secure  its  supply  of  phosphoric  acid 
from  materials  which  are  of  but  slight  use  to  plants  of  the  beet, 
turnip,  and  cabbage  family  has  been  most  plainly  demonstrated. 
Indeed,  so  far  as  getting  phosphoric  acid  is  concerned,  the  redtop 
seems  to  be  a  scavenger  among  plants. 

The  experiment  in  grass  culture  with  chemical  manures  is  being 
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continued  on  the  same  land,  and  also  the  experiment  in  continuous 
Indian  corn  culture  by  the  use  of  chemical  manures,  both  with  and 
without  cover  crops  and  with  and  without  the  aid  of  underdraining. 

By  way  of  variety-testing,  trials  are  being  made  of  a  large  number  of 
varieties  of  potatoes  from  Europe  and  from  various  parts  of  the 
United  States,  with  the  hope  of  finding  varieties  well  adapted  to  this 
State  and  of  securing  kinds  that  will  resist  the  blight  better  than 
those  that  are  being  grown  at  present.  In  addition  trials  are  being 
made  of  a  large  number  of  different  varieties  of  both  the  soy  bean 
and  the  southern  cow-pea. 

A  considerable  quantity  of  the  bean  Phaseolus  mungo  radiatus  is 
being  grown  for  distribution  next  season  to  those  who  may  desire  to 
make  a  trial  of  it.  It  jdelds  heavy  crops,  is  easily  grown,  it  ripens 
its  seed  perfectly  in  this  climate,  and  on  account  of  its  ability  to 
gather  nitrogen  from  the  air  it  can  be  grown  with  a  minimum  ex- 
penditure for  manure.  If  ground  and  fed  to  fowl  or  other  farm 
animals  it  may  be  a  means  of  materially  lessening  the  expenditure 
for  the  highly  concentrated  feeding-stuffs  and  prove  an  aid  in  main- 
taining the  condition  of  Rhode  Island  farms.  At  least  it  gives 
promise  of  being  worthy  of  a  trial  by  some  of  the  farmers  of  the 
State,  under  their  own  conditions. 

This  season  the  Station  is  testing  a  large  number  of  varieties  of 
Indian  com  in  co-operation  with  the  Bureau  of  Plant  Industry  of 
the  U.  S.  Department  of  Agriculture,  to  see  if  any  of  the  early  varie- 
ties under  trial  are  especially  adapted  to  the  needs  of  this  State. 

In  addition  to  the  experiments  at  the  Station,  arrangements  were 
made  a  few  years  ago  for  the  use  of  one-fifth  of  an  acre  of  land  at 
West  Kingston,  where  it  had  been  difiicult  to  maintain  a  stand  of 
good  grass  for  more  than  one  or  two  years.  This  land  was  plowed, 
limed,  manured,  and  reseeded  to  grass,  and  is  being  top-dressed 
annually  to  see  if  by  this  procedure  the  land  can  be  made  to  yield  a 
profit.  These  results  will  be  published  later,  after  the  experiment 
has  been  continued  sufficiently  long  so  that  satisfactory  conclusions 
can  be  drawn  concerning  it. 
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Pot  and  Water-Culture  Experiments. 

In  addition  to  a  limited  number  of  pot  experiments  which  were 
being  conducted  at  the  Station,  arrangements  were  made  during  the 
winter  of  1904  and  1905  by  which  the  Bureau  of  Soils  of  the  U.  S. 
Department  of  Agriculture  was  to  assist  the  Station  in  connection 
with  its  soda  investigations  and  at  the  same  time  make  a  trial  of  a 
new  method  of  pot  culture  devised  by  the  Bureau  for  ascertaining 
the  deficiencies  of  soils.  In  addition  to  the  pot  experiments,  water- 
culture  experiments  are  also  being  conducted  for  the  purpose  of 
throwing  additional  light  upon  the  reason  for  the  unproductiveness 
of  certain  soils. 

Chemical  Investigations  in  the  Laboratory. 

In  addition  to  the  inspection  and  the  analysis  of  commercial  ferti- 
lizers and  feeding-stuffs,  the  Station  has  made  a  careful  study  of  some 
of  the  proposed  chemical  methods  of  ascertaining  the  requirements 
of  soil  for  phosphoric  acid,  and  a  paper  upon  the  results  of  this  work 
may  be  found  embodied  in  thk  report. 

From  time  to  time,  as  opportunity  has  presented  itself,  a  further 
study  has  been  made  for  the  purpose  of  learning,  if  possible,  if  there 
are  certain  specific  poisonous  substances,  not  necessarily  acid  them- 
selves, which  are  present  in  our  acid  soil.  Some  of  the  results  of 
these  and  related  observations  are  included  in  this  report,  and  others 
will  be  presented  in  a  later  publication. 

The  chemical  division  of  the  Station  has  also  been  actively  engaged, 
in  co-operation  with  the  Bureau  of  Soils  of  the  United  States  De- 
partment of  Agriculture,  in  making  chemical  examinations  of  crops 
grown  with  the  aid  of  different  amounts  of  potassium  and  sodium 
salts,  in  order  to  ascertain  the  probable  effect  which  they  may  have 
exerted,  not  only  upon  the  plants,  but  also  upon  the  soils  themselves. 
This  co-operation  has  also  included  a  study  of  the  toxic  substances 
of  the  soil  as  shown  by  a  method  of  pot  culture  devised  by  the 
Bureau  for  studying  soil  requirements. 
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In  addition  to  the  inspection  and  investigation  work  of  the  chemi- 
cal division,  it  has  been  called  upon  to  make  a  considerable  number 
of  analyBes  for  the  other  divisions  of  the  Station. 

Co-operative  Work  with  Bureaus  of  the  United  States  De- 
partment OF  Agriculture. 

A  special  feature  of  the  work  of  the  Station  during  the  summer  of 
1905  is  the  co-operative  work  with  the  various  Bureaus  of  the  United 
States  Department  of  Agriculture. 

The  work  in  connection  with  the  Bureau  of  Plant  Industry  was 
imdertaken  at  the  solicitation  of  the  Bureau,  and  consists  in  making 
a  trial  of  a  large  number  of  early  varieties  of  Indian  com.  In  order 
to  do  this  work  without  interference  with  plans  for  the  land  which 
had  already  been  made,  it  became  necessary  to  hire  land  on  a  farm 
adjoining  the  Station.  The  Station  furnishes  everything  needed  in 
this  work  excepting  the  seed  com. 

During  the  spring  of  1905  the  Director  of  the  Station  wrote  to  the 
Department  of  Agriculture  in  Washington  to  see  if  aid  could  not  be 
extended  to  the  Station  in  its  experiments  in  connection  with  the 
"blackhead  "  disease  of  turke)rs.  Leading  out  of  this,  arrangements 
have  since  been  perfected  by  which  the  Bureau  of  Animal  Industry 
18  to  render  aid  in  breeding  experiments  with  turkeys  for  the  purpose, 
if  possible,  of  controlling  the  "  blackhead "  disease.  The  aid  to  be 
extended  the  Station  during  the  next  fiscal  year  is  limited  to  the 
amount  of  $2,150. 

It  is  hoped  to  secure  wild  turkeys  from  Virginia,  Florida,  and  else- 
where, and  make  crosses  of  these  with  various  domestic  breeds  of 
turkeys,  and  possibly  to  cross  them  among  themselves.  It  is  hoped 
that  in  this  way  a  more  hardy  breed  may  be  developed,  and  that 
possibly  birds  can  be  secured  that  will  be  especially  adapted  for  pro- 
ducing turkeys  of  quail  and  partridge  sizes.  It  is  not  at  all  impossi- 
ble that  something  can  be  done  by  way  of  raising  the  egg-laying 
capacity  of  turkeyB  and  thereby  increasing  their  prospective  money- 
producing  capabilities. 
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In  response  to  an  invitation^  sent  at  the  same  time  to  the  Directors 
of  several  other  experiment  stations,  the  Director  went  to  Washington 
just  at  the  opening  of  the  new  year  for  the  purpose  of  a  conference 
with  the  Chief  of  the  Bureau  of  Soils  concerning  co-operative  soil 
investigations  with  this  Station.  According  to  the  plan  proposed 
the  Station  was  to  furnish  certain  faciUties  for  the  work  but  was  not 
to  have  the  direction  of  any  part  of  it,  though  it  was  to  be  at  liberty 
to  offer  suggestions  to  the  Chief  of  the  Bureau.  After  careful  con- 
sideration of  the  matter  the  Board  of  Managers  authorized  the 
Director  of  the  Station  to  decline  the  proposition.  The  work  which 
it  was  proposed  to  undertake  was  the  testing  at  the  Station  of 
methods  of  making  pot  tests  of  soils  and  a  study  of  supposed  toxic 
substances  which  the  soils  might  contain. 

Somewhat  later  a  request  was  made  to  the  Department  of  Agri- 
culture for  aid  in  connection  with  the  investigations  which  had  been 
in  progress  at  the  Station  since  1894  concerning  the  agricultural 
value  of  common  salt  and  other  sodium  compounds  and  their  effect 
upon  the  soil  and  the  crop.  In  response  to  this  request  the  Chief  of 
the  Bureau  of  Soils  was  detailed  to  come  to  Kingston  for  a  conference 
concerning  the  matter.  As  a  result  of  this  conference  an  arrange- 
ment was  perfected  by  which  the  Bureau  was  to  extend  the  desired 
aid  for  the  coming  year,  and  at  the  same  time  have  the  opportunity 
of  carrying  out  the  line  of  experiments  outUned  in  the  previous 
conference  in  Washington. 

Library. 

During  the  year  the  volume  and  efficiency  of  the  library  have  been 
much  increased  by  the  addition  of  a  considerable  number  of  individ- 
ual volumes  and  by  the  binding  of  the  current  scientific  periodicals. 
It  is  hoped  that  during  the  coming  year  the  files  of  the  publications 
of  the  United  States  Department  of  Agriculture  may  be  completed 
in  so  far  as  possible,  and  that  these  may  be  bound  for  more  convenient 
reference. 
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Buildings  and  Repairs. 

Under  the  rulings  of  the  authorities  in  Washington  all  expenditures 
for  roads,  the  improvement  of  grounds,  for  fencing,  plimibing,  gas 
piping,  water  piping,  and  for  repairs  to  buildings  must  be  scheduled 
under  the  heading  "  Buildings  and  Repairs,"  and  the  sum  that  can 
be  expended  annually  for  all  of  these  purposes  is  extremely  limited  in 
amount.  For  this  reason,  particularly  in  view  of  the  poultry  ex- 
periments and  the  consequent  demands  for  fencing  and  buildings 
which  it  entails,  it  became  necessary  to  ask  for  an  appropriation  of 
$500  from  the  State  for  repairs  to  the  poultry  buildings  and  yards. 
This  appropriation,  which  was  made  at  the  last  session  of  the  General 
Assembly,  will  be  of  material  aid  in  putting  the  poultry  plant  of  the 
Experiment  Station  in  a  suitable  and  appropriate  condition. 

PUBUCATIONS. 

During  the  year  ending  June  30,  1905,  the  following  publications 
have  been  issued : 

The  Sevoiteenth  Annual  Report,    pp.  161  to  289. 

Bulletin  No.  102,  "  Commercial  Fertilizers. ' '     14  pp. 

Bulletin  No.  103,  "  Experiments  in  Grass  Culture."    30  pp. 

Bulletin  No.  104,  "  Plant  Peculiarities  as  shown  by  the  Influence  of  Sodium 
Salts,"    47  pp. 

Bulletin  No.  105,  *'  Commercial  Feedmg  Stuffs. ' '     16  pp. 

Bulletin  No.  106,  "Conoeming  the  Agricultural  Value  of  Sodium  Salts." 
46  pp. 

Bulletin  No.  107,  "  Soil  Treatment  in  Greenhouse  Culture."     13  pp. 

The  demand  for  the  Station  publications  has  continued  to  steadily 
increase,  and  many  letters  have  been  received  during  the  year  thank- 
ing the  Station  for  the  aid  which  its  pubUcations  have  afforded.  In 
several  instances  the  writers  have  attributed  their  ability  to  succeed 
upon  the  land  which  they  are  tilUng  solely  to  the  information  relating 
to  soils  and  to  other  matters  which  the  Station  has  issued. 
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Bulletins  and  Reports  of  the  Station  Desired. 

It  is  most  urgently  requested  that  persons  who  have  any  of  the 
earlier  bulletins  and  annual  reports  of  the  Station  which  they  do 
not  desire  to  preserve  will  have  the  kindness  to  return  them  to  the 
Station  and  thus  aid  in  meeting  the  innumerable  and  continuous 
calls  from  libraries.  Similar  calls  are  received  daily  from  students 
and  farmers  in  all  parts  of  the  country,  but  such  demands  the  Station 
has  not  been  able  to  meet  for  a  long  time.  In  cases  where  such 
bulletins  and  reports  are  forwarded  to  the  Station  the  persons 
sending  them  will  be  reimbursed  for  the  expense  attendant  thereon. 

Station  Staff. 

In  the  course  'of  the  year  which  has  just  elapsed  no  changes  have 
occurred  in  the  personnel  of  the  heads  of  divisions. 

The  position  made  vacant  at  the  close  of  the  preceding  year  by  the 
resignation  of  Miss  Ethel  Chadwick  was  filled  by  the  appointment  of 
Miss  Martha  Vickery  as  stenographer  and  librarian.  Before  the  close 
of  the  year  she  in  turn  severed  her  connection  with  the  Station  and 
the  position  is  now  being  filled  temporarily,  pending  more  definite 
arrangements. 

Shortly  after  the  beginning  of  the  year  Mr.  H.  M.  Soper  resigned 
to  accept  a  commercial  position,  and  his  place  was  filled  the  follow- 
ing November  by  the  appointment  of  Mr.  Matthew  Steel,  a  graduate 
of  the  College  of  Agriculture  and  Mechanic  Arts  of  New  Mexico. 
Subsequent  to  his  regular  course  of  study  Mr.  Steel  had  taken  the 
degree  of  M.  Sc.  from  the  same  college,  and  he  had  filled  for  a  time  a 
position  as  "  Scientific  Aid  "  in  the  Office  of  Experiment  Stations  of 
the  Department  of  Agriculture,  Washington,  D.  C.  In  May,  1905, 
Mr.  Steel  was  appointed  "Expert"  in  the  Bureau  of  Soils  at  Wash- 
ington, though  still  engaged  in  work  at  this  Station  in  co-operation 
with  that  Bureau. 

During  the  year  Mr.  A.  E.  Stene  was  transferred  to  the  Extension 
Department  of  the  College  and  Mr.  M.  A.  Blake,  a  graduate  of  the 
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Massachusetts  Agricultural  College,  was  engaged  as  assistant  hor- 
ticulturist. It  is  due  Mr.  Blake  to  say  that  he  has  taken  up  his  work 
with  unusual  industry  and  has  shown  exceptional  adaptability  to 
the  requirements  of  the  position. 

On  April  Ist,  1905,  Mr.  J.  W.  Kellogg,  first  assistant  chemist  at 
the  Station,  was  appointed  "  Expert  *'  in  the  Bureau  of  Soils  of  the 
United  States  Department  of  Agriculture,  though  he  still  continues 
his  labors  at  the  Station  in  connection  with  the  co-operative  woric 
in  which  the  Station  and  the  Bureau  of  Soils  are  engaged. 

It  gives  me  great  pleasure  to  acknowledge  the  cordial  support  of 
the  heads  of  divisions  of  the  Station,  Professors  Curtice  and  Card. 

To  my  associate  chemist.  Dr.  B.  L.  Hartwell;  to  Mr.  G.  E.  Adams, 
assistant  in  agronomy;  and  to  Miss  Beulah  A.  Hoitt,  stenographer 
and  accountant,  my  thanks  are  especially  due  for  the  very  efficient 
manner  in  which  they  have  attended  to  the  many  and  important 
details  of  the  Station  work  which  have  been  entrusted  to  their  care, 
and  which  have  many  times,  particularly  in  the  case  of  Mr.  Adams, 
necessitated  working  out  of  regular  hours  and  under  trjdng  con- 
ditions. 

Finally,  it  gives  me  pleasure  to  acknowledge  the  hearty  support  of 
the  Board  of  Managers,  which  has  been  granted  freely  in  connection 
with  every  plan  that  has  been  made  to  further  the  best  interests  of 
the  agriculture  of  the  State. 

Respectfully  submitted, 

H.  J.  WHEELER, 

Director. 
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Apple-Maggot. 

But  little  work  was  carried  on  with  the  apple-maggot  in  the  season 
of  1904.  Not  many  pupse  were  readily  available.  The  results  were 
80  unexpected,  however,  that  it  seems  best  to  record  them.  The 
plan  was  to  try  the  effect  of  tillage  by  placing  pupse  in  one  frame  in 
which  the  soil  was  stirred  to  a  depth  of  two  or  three  inches  every 
week  or  ten  days  during  the  early  part  of  the  season.  Others  were 
placed  in  another  frame  in  which  the  soil  was  left  undisturbed. 
Fifteen  pup»  were  put  in  one  large  frame  covered  with  wire  netting 
in  which  the  soil  was  kept  stirred,  and  five  were  placed  in  each  of 
three  smaller  frames  in  which  the  soil  was  left  undisturbed.  These 
pups  were  placed  in  the  soil  May  10th,  being  covered  in  all  cases 
with  about  one-half  inch  of  loose  earth.  These  frames  were  watched 
during  the  time  when  the  flies  should  have  appeared,  but  none 
emerged,  unless  they  escaped  observation.  This  is  so  at  variance 
with  previous  experience  in  watching  the  emergence  of  flies  that 
we  are  wholly  imable  to  account  for  it.  So  far  as  we  are  aware 
nothing  in  the  handling  of  the  pupse  would  tend  to  prevent  their 
development. 

Observations  made  upon  the  fruit  harvested  from  the  College 
orchards  during  the  fall  and  winter  showed  that  apples  from  the 
old  orchard,  where  hogs  ran  the  year  before,  were  comparatively 
free  from  maggots  in  1904.  Entire  freedom  could  not  be  expected, 
even  if  the  hogs  had  done  their  work  perfectly,  because  this  orchard 
is  only  a  short  distance  removed  from  other  trees  in  the  younger 
orchard.    The  results,  however,  were  sufficiently  marked  to  show 
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that  pasturing  the  orchard  with  stock  which  will  promptly  destroy 
all  windfalls  is  a  satisfactory  method  of  controlling  this  pest  wherever 
orchards  are  sufficiently  isolated  to  prevent  the  ready  entrance  of 
the  flies  from  neighboring  orchards  where  the  pest  abounds.  Fruit 
from  trees  which  overhung  the  fence  and  also  from  one  or  two 
trees  just  across  a  roadway  from  this  old  orchard  was  picked  up  and 
thrown  inside  where  it  could  be  eaten  by  the  hogs,  but  some  maggots 
may  have  escaped  from  this  fruit  before  it  was  removed.  Fruit  from 
one  tree  bearing  sweet  apples,  which  stood  by  the  fence,  was  some- 
what injured.  The  Fall  Pippins  and  winter  apples  were  almost 
wholly  free  from  injury. 

Many  varieties  in  the  tilled  orchard,  such  as  Hubbardston,  Grimes, 
Mother,  and  earlier  kinds  were  badly  injured.  This  orchard  receives 
good  tillage,  and  if  that  would  prove  a  preventive,  the  fruit  ought 
to  be  clear.  Most  of  the  windfalls  were  picked  up  during  1904,  and 
hogs  were  again  placed  in  the  old  orchard. 

Several  cases  were  observed  during  the  winter  where  larvae  pupated 
in  the  cellar  just  at  the  surface  of  the  apple.  The  pupse  remained 
in  the  exit  hole,  but  standing  out  the  greater  part  of  their  length 
from  the  surface  of  the  apple. 

Apples — ^Resistance  to  Wind. 

On  September  8,  1904,  an  unusually  severe  wind-storm  swept  over 
this  region,  blowing  off  much  of  the  fruit  then  on  the  trees.  Observa- 
tions were  made  upon  a  number  of  varieties  as  to  their  ability  to 
remain  on  the  trees  in  such  a  wind.  A  score  was  made  on  the  scale 
of  1  to  10,  10  meaning  that  little  or  no  fruit  had  fallen  from  the  tree. 
This  score,  as  recorded,  is  as  follows: 

R.  I.  Greening 8               Pomme  Gris 7 

Wagener 8               Swaar 9 

Seek-no-further 7                Walbridge 9 

Smith  Cider 8.5            York  Imperial 6 

Winesap 10               Roxbury  Russet 10 

Mann 7.5            Canada  Red 10 
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Tuft  Baldwin 6  Rambo 8 

Northwestern  Ghreening 7.5  Genet 10 

Palmer 7.5  Northern  Spy 8 

Yellow  Bellflower 8  Missouri  Pipphi 9 

Domine 8.5  Hubbardston 8 

Ben  Davis 10  Cooper  Market 9 

Grimes  Golden 9.5  Lady 9 

Mother 9  Pewaukee 7 

Bush-Fruits. 

After  six  years  of  work  with  bush-fruits  on  our  Experiment 
Station  land,  the  conclusion  is  forced  upon  us  that  the  climatic 
conditions  prevailing  in  that  situation  are  decidedly  unfavorable 
to  the  growth  of  bramble  fruits.  These  conditions  have  caused  a 
partial  or  complete  failure  of  all  our  experiments.  We  have  pro- 
duced a  number  of  seedlings  grown  from  crosses,  and  a  few  of  these 
have  shown  fairly  promising  results.  A  large  number  were  ready  to 
fruit  this  year,  but  were  badly  winter-Jdlled.  Some  red  raspberry 
seedlings,  which  were  on  College  land  on  the  hill,  bore  a  satisfactory 
crop  in  1904.  These  also  promise  well  for  1905,  but  those  on  the 
plain  have  been  badly  winter-killed,  as  usual.  This  does  not  result 
from  extreme  temperatures.  At  no  time  during  the  past  winter  did 
the  mercury  reach  10*^  below  zero,  and  in  only  a  few  cases  as  low  as 
zero.  In  interior  climates  bush-fruits  pass  much  lower  temperatures 
practically  unharmed.  Perhaps  it  is  the  greater  humidity  caused 
by  proximity  to  the  ocean  which  causes  more  injury  here. 

The  interpoUination  experiment  with  blackberries  gave  so  little 
fruit  in  1904  that  no  conclusions  are  warranted.  The  plot  of 
Snyder  produced  only  5i  boxes  of  fruit.  The  plot  of  Taylor  pro- 
duced only  one  box,  while  the  mixed  plot,  made  up  of  both  varieties, 
produced  2i  boxes.  This  difference  was  really  a  question  of  differ- 
ence in  hardiness  between  the  two  varieties.  Only  two  or  three 
plants  of  the  Taylor  variety  bore  any  fruit  whatever.  The  pros- 
pects for  1905  are  no  better,  since  the  greater  proportion  of  these 
plants  were  killed  to  the  ground  during  the  winter.    The  work  in 
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selection,  designed  to  determine  whether  propagating  from  plants 
which  gave  the  largest  yield  would  tend  to  develop  a  more  productive 
strain,  has  met  with  the  same  fate  as  the  other  experiments.  Most 
of  the  plants  have  been  so  weakened  by  winter  injury  that  no  yields 
of  value  could  be  obtained  and  no  plants  for  future  work.  The  ex- 
periment has,  therefore,  had  to  be  abandoned.  In  some  cases 
attempts  have  been  made  to  prevent  this  winter-killing  by  laying 
down  and  covering  the  plants,  but  that  did  not  prove  satisfactory 
under  our  conditions,  although  it  is  a  method  frequently  used  in 
colder  climates. 

Corn  Selection. 

The  seed  of  com  saved  from  com  selection  experiments  in  1903 
was  not  well  ripened  when  frosts  appeared,  and  did  not  germinate 
strongly  in  the  spring  of  1904.  It  was  planted  June  3d,  but  the  most 
available  place  was  a  portion  of  the  experimental  grounds  which  had 
been  under  tillage  for  several  years  and  did  not,  therefore,  oflfer 
such  desirable  conditions  as  sod  ground  gives.  Although  treated 
with  commercial  fertilizers  and  given  an  additional  dressing  of 
nitrate  of  soda,  the  growth  was  poor  and  weak  and  the  com  was  not 
well  matured  at  harvesting  time,  giving  an  uneven  stand  again  in 
1905.  The  seed  planted  in  1904  was  from  the  upper  ear  lot  of  the 
previous  year,  which  was  classified  as  carrying  eight  ears  per  stalk. 
Anything  which  showed  a  single  kernel  was  called  an  ear,  and  some 
were,  therefore,  very  poorly  developed.  A  photograph  of  these 
stalks  appears  in  the  annual  report  of  1904.  As  there  noted, 
selection  from  lower  ears  has  been  abandoned. 

When  harvested  in  the  fall  a  count  of  the  ears  showed  the  follow- 
ing conditions: 

Number  of  l-ear  stalks 222 

Number  of  2-ear  stalks 291 

Number  of  3-ear  stalks 101 

Number  of  4-ear  stalks 8 

The  corn  was  so  immature  when  harvested,  owing,  in  part,  to 
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the  unusiially  early  and  severe  freeze,  that  no  attempt  was  made 
to  husk  and  weigh  the  ears  from  the  different  classes.  A  high  wind 
in  the  latter  part  of  the  summer  broke  down  many  of  the  stalks, 
which  failed  to  straighten  up  again.  These  results  show  a  decided 
reduction  in  the  number  of  ears  per  stalk  over  those  produced  in 
1903,  and  thereby  serve  to  enforce  a  good  lesson.  This  lesson  is 
that  while  such  things  as  selecting  seed  from  the  most  productive 
parent  plants  may  be  important,  they  are  of  less  moment  than 
attention  to  the  well-known  cultural  conditions,  such  as  sound 
mature  seed,  planting  in  season,  on  good  soil,  at  the  proper  point  in 
the  rotation,  and  giving  good  culture  to  the  plants.  These  are 
things  which  everybody  knows  to  be  important  but  which  we  are 
very  likely  to  neglect. 

A  Market-Garden  Rotation. 

The  object  of  this  experiment  is  to  determine  whether  it  is  possible 
to  grow  market-garden  crops  successfully  without  stable  manure, 
by  means  of  planning  a  rotation  whereby  cover-crops  can  be  intro- 
duced from  time  to  time  for  the  purpose  of  maintaining  humus  in 
the  soil.  A  four-year  rotation  was  planned  for  this  experiment,  and 
begun  in  1904.    As  outlined,  the  rotation  is  to  be  as  follows: 

Ist  year.    Com  (Cory),  followed  by  beans. 
Beans,  followed  by  com  (Crosby). 

In  both  of  these  second  crops  clover  is  to  be  sown  at  the  last  cul- 
tivation, to  afford  a  cover-crop  during  the  winter  and  to  add  vege- 
table matter  to  be  turned  under  the  following  spring.  The  object  of 
dividing  the  plot  and  beginning  with  both  com  and  beans  is  to  pro- 
vide a  better  succession. 

2d  year.  Tomatoes,  followed  by  rye,  the  clover  sown  the  fall 
before  being  allowed  to  grow  in  the  spring  until  necessary  to  turn 
it  under  to  plant  the  tomatoes.  This  late-planted  crop  affords  an 
opportunity  for  a  good  growth  of  clover. 
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3d  year.    Potatoes  (extra  early),  followed  by  cabbage. 
Early  cabbage,  followed  by  carrots. 

4th  year.   Onions. 

Spinach,  followed  by  celery,  followed  by  spinach  again,  or 
Transplanted  lettuce,  followed  by  celery. 

Rtb  as  a  Cover-Crop. 

Two  plots,  each  containing  1-10  acre,  being  204  feet  long  by  21 
feet  4  inches  wide,  were  measured  off  at  the  west  end  of  the  plain 
for  this  experiment.  The  west  plot,  the  northwest  corner  of  which 
is  at  an  iron  stake  driven  in  the  ground  at  the  angle  where  the  high- 
way crosses  the  plain,  is  to  be  treated  with  stable  manure.  The 
east  plot,  which  is  separated  from  the  other  by  a  path  4  feet  wide,  is 
to  be  treated  with  chemicals  and  cover-crops.  No  cover-crops  are 
to  be  used  on  the  plot  which  receives  stable  manure.  The  amount 
of  fertilizer  decided  upon  to  use  is  as  follows: 

On  the  stable-manure  plot,  1  cord,  being  at  the  rate  of  10  cords 
per  acre,  is  used.  On  the  fertilizer  plot  chemicals  are  applied  as 
follows : 

RAta 
Por  plot.  per  aere. 

Nitrate  of  soda 40  lbs.  400  lbs. 

Driedblood 30  "  300  " 

Acid  phosphate 100  "  '     1,000  " 

Muriate  of  potash 30"  300" 

With  most  crops  the  nitrate  of  soda  is  to  be  used  in  different  appli- 
cations as  needed,  the  other  chemicals  being  all  applied  at  once  in  the 
spring.  For  tomatoes,  which  appear  in  the  second  year  of  the  rota- 
tion, all  the  nitrate  of  soda  is  to  be  applied  with  the  other  fertilizers. 

In  1904  the  fertilizers  required  and  the  manure  were  put  upK)n 
these  plots  May  4th  and  5th.  Both  plots  were  also  limed  at  the 
rate  of  one  ton  per  acre.  The  plots  were  planted  to  com  and  beans 
as  outlined.  May  6th,  with  six  rows  three  feet  apart  on  each  plot. 
The  corn  was  planted  three  kernels  in  a  hill,  with  hills  two  feet  apart. 
The  beans  were  planted  in  drills  three  feet  apart,  with  seeds  about 
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three  inches  apart  in  the  drill.      A  second  application  of  nitrate  ot 
soda  was  made  May  21st. 

A  note  made  July  5th  states  that  com  on  the  plot  treated  with 
stable  manure  was  much  in  advance  of  that  on  the  one  treated  with 
chemicals^  being  nearly  double  in  size  and  much  more  vigorous. 
Beans  were  also  much  more  vigorous  on  this  plot;  the  foliage  being 
darker  in  color.  The  beans  on  both  plots  began  to  bloom  at  about 
the  same  time  and  with  apparently  an  equal  niunber  of  blooms. 
Com  appeared  to  be  suckering  more  where  stable-manure  Was  used. 

Crosby  com  was  planted  between  the  beans  on  both  plots  July 
11th.  Beans  were  planted  between  the  com  rows  on  both  plots 
July  26th. 

The  harvesting  of  string-beans  began  on  both  plots  July  14th  and. 
continued  until  August  19th.  No  apparent  difference  in  time  of 
maturing  can  be  detected  from  a  study  of  the  amounts  and  dates 
of  the  different  pickings.  The  total  weight  harvested  from  the 
plot  receiving  chemical  manures  was  221  pounds,  1  ounce;  the  total 
weight  from  the  stable-manured  plot  was  347  pounds,  1  ounce. 

The  com  grown  from  the  first  planting  was  all  harvested  August 
9th.  One  large  ear  and  two  small  ears  on  the  plot  with  chemicals 
had  been  injured  by  fowls,  the  weight  of  the  remaining  cobs  and 
husks  being  9  ounces.  Nineteen  large  ears  and  four  small  ones  had 
been  injured  in  the  plot  with  stable  manure,  the  weight  of  remaining 
cobs  and  husks  being  6  pounds,  8  ounces.  Adding  these  partial 
weights  to  the  weights  of  uninjured  ears  gathered  gives  a  yield  of 
10  pounds,  6  ounces,  from  the  plot  which  received  chemicals  and 
124  pounds  from  the  plot  which  received  stable  manure.  The  stalks 
from  this  first  crop  of  com  were  cut  August  17th,  the  growth  being 
good  on  both  plots.  Crimson  clover  was  sown  in  the  chemical  plot 
August  19th.  On  the  night  of  September  22d  an  unusually  hard 
freeze  occurred,  the  temperature  falling  to  24*^  Fahrenheit,  with  the 
result  that  both  the  com  and  the  beans  were  frozen.  The  beans 
were  picked  and  weighed  the  following  day,  the  3delds  being  as 
follows: 
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From  the  fertilizer  plot 33  lbs.  8  oz. 

From  the  manure  plot 25  lbs.  3  oz.' 

These  beans  were  planted  between  the  rows  of  earlier  com  on  July 
26th,  and  had  made  considerable  growth  before  the  corn  was  cut  on 
August  17th.  The  com  on  the  manured  plot  was  heavier  than  on 
the  one  receiving  chemicals,  therefore  these  beans  were  somewhat 
more  shaded  on  that  plot  and  grew  more  spindling.  For  this  reason 
they  were  probably  in  poorer  condition  to  stand  the  direct  sunlight 
when  the  com  was  removed  than  those  on  the  plot  manured  with 
chemicals. 

At  the  time  of  this  freeze  the  second  crop  of  com  had  not  reached 
cooking  condition,  therefore  this  part  of  the  experiment  proved  a 
failure  and  no  records  were  made.  Ordinarily,  sweet  com  can  be 
harvested  for  table  use  until  much  later  than  this. 

A  fair  amount  of  clover  lived  through  the  winter  on  the  plot 
which  received  chemicals,  there  being  a  reasonably  good  growth  to 
turn  under  when  the  land  was  plowed  for  tomatoes,  which  was  done 
June  7th,  the  plants  being  set  June  9th. 

Soil  Steriuzation. 

Growers  of  market-garden  crops  under  glass  meet  with  serious 
difficulty  from  fungous  diseases  which  gain  lodgment  in  the  soil. 
This  IS  particularly  tme  in  the  growing  of  greenhouse  lettuce.  To 
avoid  this  trouble,  growers  have  usually  incurred  heavy  expense 
in  replacing  the  soil  of  the  beds  with  fresh  garden  soil  at  frequent 
intervals.  Experiments  and  practical  trials  liave  been  made  in 
sterilizing  the  soil  remaining  in  the  beds  after  one  season's  work, 
in  the  hope  of  escaping  the  expense  of  putting  in  new  soil,  while 
at  the  same  time  destroying  the  diseases  which  cause  trouble.  When 
thoroughly  done  this  practice  seems  to  be  uniformly  effective  in 
ridding  the  soil  of  diseases,  but  the  growth  of  succeeding  crops  has 
not  been  so  uniformly  satisfactory.  As  one  lettuce  grower  puts  it, 
sterilizing  seems  to  destroy  the  "  life "  of  the  soil  so  that  plants  do 
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not  make  the  rapid,  vigorous  growth  which  gardeners  demand  that 
they  shall  make. 

Two  possible  explanations  of  these  unfavorable  results  suggest 
themselves.  One  is  that  as  the  sterilization  is  commonly  done 
steam-pipes  are  placed  underneath  the  soil,  the  steam  turned  on 
until  the  soil  is  thoroughly  ''  cooked, "  as  the  gardeners  say,  when  it 
is  immediately  shovelled  over,  to  get  at  the  pipes,  which  are  moved 
to  a  new  location.  It  has  been  thought  that  this  handling  of  the 
soil  while  still  hot  and  wet  from  the  steam  which  has  been  forced 
into  it  might  tend  to  injure  the  ph3n3ical  condition,  causing  it  to 
become  puddled,  thereby  producing  unfavorable  results. 

Another  possible  explanation  of  the  unfavorable  results  is  that 
sterilization  not  only  de8tro3n3  the  disease  germs  which  are  present 
in  the  soil,  but  it  seems  likewise  to  destroy  beneficial  soil  organisms. 
We  are  only  just  beginning  to  realize  the  importance  of  these  organ- 
isms in  the  growth  of  plants,  but  it  is  certain  that  they  play  a  promi- 
nent part  in  plant  development.  The  practical  gardener  may,  there- 
fore, be  stating  the  exact  scientific  truth  when  he  says  that  sterilizing 
destroys  the  life  of  the  soil.  One  instance  in  the  practical  manage- 
ment of  greenhouse  lettuce  seems  to  point  in  this  direction.  An 
establishment  in  the  city  of  Providence  procured  a  sterilizing  ap- 
paratus and  tried  it  for  a  time,  getting  such  results  as  have  been 
mentioned,  namely;  freedom  from  disease  but  unsatisfactory  growth. 
The  apparatus  was  then  sold  to  another  firm  outside  the  city.  This 
firm  was  particularly  pleased  with  the  results  which  were  obtained 
from  its  use.  Their  method,  however,  was  somewhat  different  from 
that  followed  by  the  first  firm.  They  placed  the  pipes  very  near 
the  surface  and  aimed  to  sterilize  only  a  shallow  layer  of  the  surface 
soil.  In  this  way  the  spores  of  the  different  lettuce  diseases  were 
destroyed  in  the  surface  soil,  where  alone  they  can  come  in  contact 
with  the  plant  in  such  a  way  as  to  cause  injury.  On  the  other  hand 
the  heat  probably  did  not  penetrate  deeply  enough  to  destroy  the 
beneficial  orgamsms   of   the   soil    underneath;   and    consequently 
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these  orgaiiisms  were  able  to  continue  their  work  in  much  of  the 
soil  which  was  permeated  by  the  roots  of  the  plants. 

In  the  hope  of  securing  some  light  on  this  problem,  an  experiment 
was  begun  in  1903,  in  which  lettuce  and  radishes  were  grown  in 
large  pots.  The  soil  used  was  made  up  of  three  parts  of  garden 
soil  which  was  quite  rich  in  decaying  vegetable  matter,  mixed  with 
one  part  of  cow  manure.  After  a  thorough  mixing  this  was  sifted 
through  a  coarse  sieve  and  steamed  for  one  hour  and  forty-five 
minutes  to  sterilize  it.  This  steaming  was  done  in  a  tight  box,, 
the  soil  being  placed  in  trajrs  with  wire  bottoms  to  enable  the  steam 
to  thoroughly  permeate  the  whole  mass.  While  still  hot,  enough 
soil  was  taken  out  and  worked  over  to  fill  four  pots,  the  remainder 
being  allowed  to  cool  before  being  handled.  Four  other  pots  were 
filled  with  unsterilized  soil  of  the  same  kind.  Those  pots  in  which 
sterilized  soil  was  placed  were  themselves  sterilized.  The  experi- 
ment consisted  of  the  following  series,  four  pots  being  treated  in 
each  of  the  wa3n3  indicated : 

1. — Soil  unsterilized. 

2. — Soil  sterilized  and  handled  while  hot. 

3. — Soil  sterilized  but  not  handled  till  cold  and  dry. 

4. — Soil  sterilized,  handled  cold,  and  later  sprinkled  with  garden 

soil. 
5. — Soil  sterilized,  handled  cold,  and  nitrate  of  soda  used. 

On  August  19th  Deep  Scarlet  Turnip  radish  seed  was  planted 
in  two  of  the  pots  in  each  series.  Market  Garden  Private  Stock 
lettuce  being  planted  in  the  other  pots.  August  31st  the  pots  in 
series  No.  4  were  sprinkled  with  soil  from  the  College  orchard.  This 
was  thought  to  be  a  fairly  satisfactory  garden  soil,  since  the  land 
among  the  trees  had  been  previously  used  for  garden  crops  for 
some  time.  On  the  same  date  nitrate  of  soda  was  applied  to  the 
pots  in  series  No.  5.  Other  applications  were  made  September  8th 
and  September  17th.  The  first  crop  of  radishes  was  harvested  Septem- 
ber 17th  and  the  pots  immediately  replanted  with  the  same  variety. 
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The  second  crop  was  harvested  October  27th.    The  number  of 
plants  and  the  weights  obtained  are  shown  in  the  following  table: 

No.  Weight,            ToUl             Total 

plaata.  ounoea.           plants.           w«ight 

TJnsterilixed let  cit^    22  10^ 

2nd  crop    20  6                 42            *  16^ 

Sterilized,  handled  while  hot.. .  let  crop     17  4 

2nd  crop    23  7}               40                11} 

Sterilixed,  handled  cold 1  at  crop    28  7f 

2nd  crop    24  7}                52                15| 

Steriliied,  sprinkled  with  soil. .  Ist  crop     17  21 

2nd  crop    24  3}               41                 6i 

Sterilized,  plus  nitrate  of  soda.  Ist  cn^    20  4f 

2nd  crop     18  3}               38                 8| 

This  shows  the  order  of  yield  to  have  been  as  follows: 

First,  unsterilized  soil;  second,  soil  sterilized  but  not  handled  until 
cool  and  dry;  third,  soil  sterilized  and  handled  while  hot;  fourth^ 
soil  sterilized,  with  nitrate  of  soda  added;  fifth,  soil  sterilized  and 
sprinkled  with  garden  soil. 

The  lettuce  was  thinned  to  four  plants  on  September  17th.  In 
some  cases  not  that  many  plants  remained  at  the  close  of  the  experi- 
ment. The  plants  were  harvested  November  9th.  Those  in  the 
imsterilized  soil  had  done  the  best.  The  others  were  slightly  frozen 
or  diseased.  A  number  of  weeds  had  appeared  in  the  unsterilized 
soil  but  none  in  the  rest. 

The  weights  harvested  were  as  follows: 

No.  of 

plants.  Weight 

Unsterilized  soil 6  19    ozs. 

Sterilized  soil,  handled  hot 3  61  ozs. 

Sterilized,  handled  cold  and  dry 4  8f  ozs. 

As  witli  the  radishes,  this  shows  the  best  results  to  have  been 
obtained  from  the  unsterilized  soil. 
These  experiments  were  continued  in  the  same  manner  in  1904. 
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Pressure  of  other  work  prevented  their  being  started  as  early  as 
would  have  been  desirable.  Absence  of  greenhouse  facilities  made 
it  impossible  that  they  should  be  carried  on  during  the  winter,  when 
such  work  is  usually  done.  Deacon  lettuce  and  Crimson  Giant 
Globe  radish  were  sown  in  all  the  pots  July  11,  1904.  August 
5th  a  few  of  the  radishes  had  come  to  maturity.  None  were  of 
salable  size  in  the  unsterilized  soil.  A  single  one  had  matured  in 
the  sterilized  soil  which  was  handled  wh^le  hot,  also  in  that  which 
had  been  sprinkled  with  garden  soil.  Radishes  in  the  pots  to  which 
nitrate  of  soda  was  added  appeared  to  be  very  much  better  than  in 
any  of  the  others.  Though  the  tops  were  not  quite  as  large,  they 
were  apparently  in  advance  of  the  others  in  maturity.  There 
appeared  to  be  a  tendency  toward  a  large  growth  of  top  where  garden 
soil  had  been  sprinkled  on  the  surface.  These  radishes  were  inferior 
in  quality.    The  yields  obtained  were  as  follows: 

Total                   Weight  of  Weigfat  of 

Weight.                     leaves.  roots. 

Unsterilized  soil 508.90  grains    188.77  grams  320.13gnuns- 

Sterilized,  handled  while  hot 463.56  "        206.25     "  247.31      " 

Sterilized,  handled  cold  and  dry..  384.00  "        197.1        "  186.90      " 
Sterilized,  sprinkled  with  garden 

soil 446.00  "        291.78      "  164.22      " 

Sterilized,  with  nitrate  of  soda 

added 627.25  "        239.95     "  387.30    " 

Arranged  in  order  of  greatest  total  weight,  the  different  methods 
of  treatment  stand  as  follows:  first,  sterilized  soil  plus  nitrate  of 
soda;  second,  unsterilized;  third,  sterilized,  handled  hot;  fourth^ 
sterilized,  sprinkled  with  garden  soil;  fifth,  sterilized,  handled 
cold  and  dry.  The  order  of  arrangement  for  greatest  weight  of 
roots  is  the  same,  with  the  exception  of  the  last  two,  which  change 
places,  that  sprinkled  with  garden  soil  having  given  the  smallest 
weight  of  roots  alone.  Arranged  in  the  order  of  early  maturity,  the 
series  stands:  first,  sterilized  soil  plus  nitrate  of  soda;  second^ 
sterilized  soil  sprinkled  with  garden  soil  and  sterilized  soil  handled 
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hot,  which  rank  together;  third,  sterilized  soil  handled  cold;  fourth, 
unsterilized. 

Notes  made  upon^the  lettuce  August  5th  show  that  the  plants  in 
the  unsterilized  soil  had  made  a  fair  growth.  That  in  the  pots 
sprinkled  with  garden  soil  had  made  the  poorest  growth  of  any.  All 
the  others  were  doing  fairly  well.  The  plants  were  thinned  to  four 
in  each  pot  after  they  had  started,  but  in  some  cases  a  smaller 
number  remained  at  the  end.  The  lettuce  was  cut  and  weighed 
September  4,  1904.  The  outside  leaves  of  the  plants  in  the  un- 
sterilized soil  were  greener  than  any  of  the  others.  The  outside 
leaves  of  those  in  the  sterilized  soil  handled  hot  had  turned  brown. 
Seed  did  not  germinate  well  in  the  nitrate  of  soda  pots,  so  that  these 
had  to  be  resown  a  few  days  later  than  the  others,  which  may  have 
influenced  the  result  somewhat. 

The  total  weights  harvested  were  as  follows  : 

Unsterilized  soil 681 .7  grains. 

Sterilized,  handled  hot 434.2      " 

Sterilized,  handled  cold 443.7      " 

Sterilized,  sprinkled  with  garden  soil 319.2      '' 

Sterilized,  plus  nitrate  of  soda 445.6      *' 

Arranged  in  order  of  greatest  weight,  therefore,  the  lettuce  stands 
as  follows:  first,  unsterilized  soil;  second,  sterilized  plus  liitrate  of 
soda;  third,  sterilized,  handled  cold;  fourth,  sterilized,  handled  hot; 
fifth,  sterilized,  sprinkled  with  garden  soil. 

The  garden  soil  used  in  sprinkling  these  pots  was  taken  from  the 
same  field  as  that  used  in  1903.  After  the  results  were  obtained 
this  soil  was  tested  and  found  to  be  somewhat  acid.  This  fact  may 
account  for  the  unfavorable  results  which  apparently  followed  its 
use.  The  object  of  sprinkling  the  surface  with  fresh  garden  soil  was 
to  determine  whether  by  this  means  the  beneficial  soil  organisms 
which  aid  in  plant  growth  might  be  reintroduced.  If  so,  a  grower 
could  sterilize  the  soil  of  his  greenhouse  beds,  then  add  a  Ught  cover- 
ing  of  fresh  soil,  thereby  destroying  undesirable  spores  and  organ- 
isms and  at  the  same  time  securing  the  aid  of  helpful  ones.    Thus 
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far  our  experiments  seem,  for  some  reason,  to  be  very  unfavorable 
to  this  line  of  action.  The  most  important  of  these  soil  organisms 
are  the  ones  which  induce  nitrification,  that  is,  tjie  process  by  which 
the  nitrogen  of  stable-manure  or  other  organic  substances  is  changed 
into  forms  available  for  plants.  It  is  only  after  having  been  worked 
over  by  bacteria  that  the  major  portion  of  the  nitrogen  of  manure 
can  be  used  in  producing  plant  growth.  It  is  therefore  of  great 
importance  that  these  bacteria  should  be  present  in  the  soil.  Nitrate 
of  soda,  on  the  other  hand,  furnishes  nitrogen  in  a  form  immediately 
available.  In  the  absence  of  soil  organisms  it  is  therefore  reasonable 
that  this  material  might  be  able  to  take  their  place  so  far  as  furnishing 
nitrogen  is  concerned.  This  explains  its  use  in  these  experiments, 
and  the  results  thus  far  seem  favorable  to  such  a  practice. 

Tent  Covering  for  Vegetables. 

The  experiments  in  growing  vegetables  under  a  tent  were  continued 
in  1904  with  lettuce,  celery  and  cauliflower. 

LdtiLce. 

Lettuce  showed  the  effect  of  being  transplanted  much  less  under 
the  tent  than  outside.  This  is  one  of  the  marked  advantages  of  the 
shade.-  Lettuce  seems  to  grow  faster  underneath  the  tent  than  out- 
side, up  to  the  heading  point,  and  is  apparently  more  brittle  and 
tender,  but  that  outside  makes  more  soUd  heads.  Under  the  tent 
heads  are  loose  and  the  plants  run  up  to  seed  more  quickly. 

The  weights  at  the  time  of  harvesting. were  as  follows: 
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Transplanted, 


In»ide  th*  TtU. 

Datk. 

1 

Weights. 

i 

i 

Weights. 

Aug.    3 

38 
55 
36 

13  lbs.    6oz8. 
15   "     14    " 
20  "     11    " 

48 
44 
36 

18  lbs.  14  ozs. 

«       9 

14  " 

"     30 

20  "     12    " 

129 

49  lbs.  15  ozB. 

128 

53  lbs.  10  ozs. 

Average  weight  per  head  of  those  outside — 6.19  ozs. 
Average  weight  per  head  of  those  inside — 6.57  ozs. 

Orown  from  Seed. 


OtiUids  ths  TmL 

Ifuid^  ths  Tmt. 

Datk. 

1 

Weights. 

Weights. 

Sept.  1 

2 
59 

1  lb.      8  ozs. 
51  lbs.  14    " 

62 

"    8 

37  lbs.  15  ozs. 

61 

53  lbs.    6  ozs. 

62 

37  lbs.  15  ozs. 

Average  weight  per  head  of  those  outside — 14.  ozs. 
Average  weight  per  head  of  those  inside — 9.8  ozs. 

At  harveeting  time  a  head  of  lettuce  from  that  grown  inside  and 
one  from  that  grown  outside  were  given  to  a  number  of  different 


Digitized  by  VjOOQIC 


212 


R.  1.  Agl.  Expt.  Sta.  Rep.,  1905. 


families  for  testing.  Nearly  all  considered  that  grown  outside  better 
in  quality.  The  heads  were  better,  though  no  great  difference  in 
quality  coidd  be  detected.  Apparently  that  grown  outside  was 
equally  tender  and  of  slightly  better  flavor.  That  grown  inside 
appeared  to  wilt  a  little  more  quickly.  One  family  thought  that  the 
head  grown  inside  was  less  bitter  than  the  other. 

Catdifhwer, 

As  with  lettuce,  cauliflower  plants  showed  less  injury  from  trans- 
planting under  the  tent  than  outside,  and  made  a  better  growth 
throughout  the  season.  The  growth  of  leaves  was  much  stronger  and 
the  plants  stood  noticeably  higher  than  those  outside. 

The  yields  obtained  were  as  follows: 


OvUide  ths  TtrU. 

Ifuide  ths  Tent. 

Datb. 

Weifffau. 

Datk. 

Weights. 

Sept.  26. .         

25  lbs. 
16  "    2    " 
6   "     4    " 

47  lbs.  2  OS8. 

Oct.    6 

46  " 

"     17 

i 

17   "    6    " 

46  lbs.  6  0Z8.    1 

llOlbs.  8os8. 

This  shotvs  a  difference  of  64  pounds  2  ounces  in  favor  of  that 
grown  inside. 

It  will  be  noted  that  the  average  yield  was  somewhat  retarded  in- 
side the  tent,  although  the  first  cutting  was  larger  than  that  outside. 
The  shade  of  the  tent  also  proves  an  advantage  in  keeping  the  heads 
white,  since  they  are  less  likely  to  discolor  if  not  tied  up  at  just  the 
proper  time.  In  fact  very  little  extra  shade  is  needed  under  the  tents. 
A  still  further  advantage  accrues  from  the  fact  that  the  tent  protects 
the  plants  from  the  attacks  of  insects. 
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CeUry, 

A  few  plants  of  Golden  Self-Blanching  and  a  few  of  Fin  de  Siecle 
celery  were  set  in  the  tent  June  28th  and  June  29thy  with  an  equal 
number  outside.  These  were  harvested  November  7th.  The  roots 
were  cut  off  and  the  plants  weighed  without  further  trimming.  They 
were  then  washed  and  trimmed  and  weighed  again. 

The  yields  were  as  follows: 

Golden  Self -Blanching, 

Grown  outside,  untrimmed 8  lbs. 

"      inside,  "         10    "  14  om. 

"      outside,  trimmed  and  washed 2    "      7     " 

"      inside,         "  "         "      6    "  14    " 

Fin  de  Siecle. 

Grown  outside,  untrimmed 25  lbs. 

"      inside,  "         23    "      6  ozs. 

"      outside,  trimmed  and  washed 7    "     10     " 

"       inside.         "  "        "      9    "      9     " 

Additional  plants  were  set  both  inside  and  outside  on  July  7th. 
These  were  also  harvested  November  7th,  the  yields  being  as  follows: 

Grown  outside,  untrimmed 92  lbs.  8  ozs. 

"      inside,  "         87    "  15    " 

"      outside,  trimmed  and  washed 40    "  6     " 

"      mside,  "  "         "      44    "  14    " 

The  yield  of  the  entire  crop,  including  both  plantings,  was  as  fol- 
lows: 

Grown  outside,  untrimmed 125  lbs.  8  ozs. 

"      inside,  "         122    "  3     " 

"      outside,  trimmed  and  washed 50    **  7     '' 

"      inside,  "  "         "      60    "  5    " 

It  will  be  noted  that  in  all  cases  there  was  a  smaller  percentage  of 
waste  from  the  celery  grown  under  the  tent  than  from  that  grown  in 
the  open.    That  grown  inside  was  taller,  and  the  leaves  which  were 
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exposed  above  the  earth  with  which  it  was  banked  were  somewhat 
greener.  The  stalks  appeared  to  be  a  little  softer.  That  grown  out- 
side was  shorter  and  more  stocky  in  growth,  with  more  waste  leaves 
on  the  outside.  During  growth  the  plants  under  the  tent  appeared 
more  healthy.  Those  on  the  outside  showed  considerable  rust  on  the 
leaves.    This  was  less  noticeable  on  those  growing  inside. 

Plants  from  both  lots  were  given  to  different  families  for  testing. 
All  except  one  considered  that  grown  outside  to  be  of  better  quality. 

Temperatures, 

To  determine  the  effect  of  the  tent  upon  temperature,  observations 
were  made  at  different  times  during  July  and  August.  These  tem- 
peratures were  taken  from  hotbed  thermometers  placed  in  the  soil. 
Toward  the  end  of  this  period  the  one  inside  was  partially  shaded  by 
the  larger  growth  of  cauliflower  leaves,  which  probably  made  the 
differences  greater  than  they  otherwise  would  have  been.  As  re- 
corded these  temperatures  are  as  follows :     . 

Date.  Hour.  Temperature. 

July  13 11       A.  M 4**  cooler  in  tent. 

13 2:30  P.  M 8*» 


14 8       A.  M. 

14 3       P.  M. 

15 7:30  A.M. 

15 2:30  P.  M. 

16 

18 

19 

19 

20.., 

20 

26 

27 

27 


6*> 
6* 
6*» 
3« 
1<» 
4<» 
1*> 


.10       A.  M 

.12  M 

.8       A.  M 

.  9:30  A.  M 6*» 

.10       A.  M 9*» 

.   3:30  P.  M 6*» 

.10:30  AM 4*» 


A.  M. 
P.  M. 


Aug.    1 10:30  A.M. 

3 7:30  A.M. 

4 1       P.  M. 


2o 
1*> 
3*> 
6*> 
1*> 
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Date. 
Aug.  8. 
11. 
12. 
15. 
15. 
17. 
17. 
18. 
19. 
19. 


Average. 


Hour.  T«inp6ratar». 

.   1       P.  M 3*»  cooler  in  tent. 

.  8:15  A.  M 4«»      "      " 

.10       A.  M 4<»      "      " 

.  7:15  A.  M IQo      "      " 

.  3:30  P.  M 10*^      "      " 

.  7:45  A.  M 4*»      "      " 

.   3:45  P.  M 6«»      "      " 

.   1:15  P.  M 9*^      "      " 

.  7:30  A.  M 12*»      "      " 

.  9:30  A.  M 12*»      "      " 

5.36**  *•      " 


Attempts  were  made  to  determine  differences  in  humidity,  if  any 
existed,  but  with  the  instruments  available  no  important  difference 
<Jould  be  discovered. 

Strawberry  Seedlings. 

A  large  number  of  strawberry  seedlings  were  in  fruit  in  1904.  In 
order  to  keep  a  more  intelligent  record  of  their  behavior  a  score-card 
was  devised  and  used.  A  copy  of  this  score-card  is  presented  here- 
with: 

STRAWBEBBT 


.^.^v^ 

SCALE -POINTS  10 -Perfect 

Plant 

Vigor 

Disease  Remstance 
Pnilt 

Frost  Resistance 

ProductiveDeeB 

Size 

Regularity 

Appearance 

Texture 

Quality 

Fragrance 

Rot  Resistance 
DESCIIIPTION 
Plant 

Leaves 

Fruiting  Steins 

Bloom    ft^^ 

ReT 
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Fruit 


Fonn 

Flavor 

Color 

Color  of  Flesh 

Calyx 

Core 

Seeds    po.irton 

SiM 

Color 

Season    pj^t 

HeaTlcst 

Last 

General  Notes 

Date 

Observer 

To  simplify  entering  the  records,  the  following  key  was  devised 
and  used: 

Key, 

Leaves 

Number  Size 

n  a:  numerous;  f=few.        1= large;  sm= small;  ms  medium. 
Height  Color 

t=tall;    ssshort.        d=dark;  lt=light. 
Surface 
r=::rugose;  gl=glo86y;  c=curled;  w=wrmkled. 
Runners 

St = strong;  w=weak;  n= numerous;  Is  long;  ss  short;  f=few. 
Fruiting  Stems 

St s  strong;  wsweak;  l=long;  s^  short. 
Number  of  Fruits 

n^numerous;   f^few. 
Bloom 


essearly;  m^medium;  l=late. 

Sex 

p^ perfect;  i= imperfect. 

Size 

l=large;   smsssmall;  masmedium. 

Form 

i= irregular;  regs=  regular;  coxsscoxcombed;  angs  angular;  fl=s flattened; 
sssshort;  l=long;  r=ro\md;  c=conic;  o=soblate;  obsoblong; 
ov=:  ovate;  obts=  obtuse. 
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Fig.  3. —Strawberry  seedlings. 

No.  100.     McKinley  X  Ridgeway.  No.  181.     McKitiley  X  Ridgeway. 

Nos.  157  and  164.     Crewent  X  Glen  Mary.  No.  186.     Glen  Mary  X  McKinley. 


Fig.  4.— No.  167,  Glen  Mary  X  Wm.  Belt. 
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Fig.  5.— A  seedling  of  Hunn  X  Ideal.    Photographed  July  13,  1904,  she  wing 
lateness  of  its  season. 


Fig.  6.— Seedlings  containing  one-fourth  parentage  of  the  wild  strawberry. 
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Flavor 

aavacid;  8ub= subacid;  fl=flat;  s^ sweet;  q>=q>right]y;  m8k=: musky. 
*C6Ufr 

l=light;   d=daii^;   o.  s.=opera  scarlet;   n.  8.=new  soariet;  s=soailet; 
car= cardinal;  cr=crim8on. 
Calyx 

d=depree8ed;  enclose;  r=raised;  l=large;  m=medium;  s=:8mall. 
Core 

s=solid;  q>=spongy;  h=hollow. 
Seed9 

Position 
r=  raised;  d=d^res8ed;  d.  d.=de^ly  depressed;  p= prominent. 

Color 
l=light;  c=oolored;  m=mixed. 

Among  the  seedlings  in  fruit  a  number  were  selected  for  future 
observation,  ten  plants  being  taken  from  each.  Two  from  which 
ten  plants  had  been  previously  taken  seemed  sufficiently  promising 
to  warrant  planting  in  larger  numbers.  One  of  these  was  a  seedling 
of  McKinley  X  Ridgeway,  being  known  as  No.  100  in  our  field  notes. 
A  copy  of  the  score  of  this  variety  made  in  the  field  is  here  given: 

STRAWBEBBT 

Variety,  No.  100.     McKinley  X  Ridgeway 

SCALE-POIBTI^  10- Perfect 
Plant 
Vigor  10  Disease  Resistance  9  Frost  Resistance 

Fmlt 
Productiveness  8  Sixe  9  Regularity  8 

Appearance  8  Texture  9  Quality  7.5 

Fragrance  5  Rot  Resistance  9 

description' 

Plant 
Leaves  Large,  tall,  wrinkled 

Runners  Good  Fruiting  Stems  Tall,  fairly  strong 

Bloom    00MOD    Medium  ^^   Perfect 

*  Baaed  on  Brainard  A  Armatronc's  eolored  aflka. 
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Fnilt 

Flavor  iSu6^acid 

Color  of  Flesh  White,  tinged 

Core  Solid,  good 

Sue  Medium  to  large 


General  Notes  A  fine  beny,  healthy  and  very  promising. 
Date Observer 


Form  Short,  flattened 
Color  Light 
Calyx  Large,  depressed 
Seeds    podton  D^ressed 


Color 


Light 


This  proved  to  be  medium  in  season,  the  heaviest  picking  having 
been  obtained  July  1st.  The  yield  was  169i  ounces  from  a  strip  of 
row  produced  by  the  ten  plants  originally  set.  This  yield  was  sur- 
passed by  only  one  variety  planted  at  the  same  time  under  similar 
conditions.  The  color  of  this  berry  was  bright  and  attractive.  No. 
101,  which  was  the  one  surpassing  it  in  yield,  was  very  dark  and  seedy 
in  appeaMdiibe.  The  rating  for  productiveness  given  on  the  score  was 
made  from  appearances  only,  as  observed  in  the  field,  not  from  the 
actual  yields  obtained.  A  basket  of  the  fruit,  in  connection  with  that 
of  other  seedlings,  is  shown  at  Figure  3. 

Another  seedling  which  proved  particularly  promising  in  1904  was 
No.  167,  a  seedling  of  Glen  Mary  X  Wm.  Belt,  the  score  for  which  is 
also  shown.  This  berry  ranked  well  in  yield,  though  surpassed  by 
several  others.  In  season  it  proved  to  be  medium,  the  heaviest 
pickings  being  made  June  26th  and  July  1st.  This  variety  is  par- 
ticularly conmiended  by  its  appearance.  The  fruit  is  shown  at 
Figure  4. 

STBAWBEBBT 

Variety,  No.  167     Glen  Mary  X  Wm.  Belt. 

SCALE- POINTS  10 -Perfect 
Plant 


Vigor  8 

Productiveness  7.6 
Appearance  9 
Fragrance  8 


Disease  Resistance  9 

Fmlt 
Size  9 
Texture  7 
Rot  Resistance  6 


Frost  Resistance 

Regularity  9 
Quality  8.5 
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Plant 

Leaves  Lai^ge,  dark 

Runners 

Fruiting  Stems  Numerous 

Bloom    gc.,00  Late 

8«  Perfect 

Fmlt 

Fonn  Short,  conical 

Flavor  Sub-acid 

Color  Tiight 

Color  of  Flesh  Like  outer  color 

Calyx  Medium,  close 

Core  Open,  hard  center. 

Seeds    po,ttoa  Promment 

81^  Medium                                       coior  Lig^t 

Season    j^ 

H««TiMt                                                                                                  LMk 

General  Notes  Avery 

fine 

appearing  berry  of  good  fair  quality.    Still  some  good 

berries  July  6 

Date 

. 

Observer 

One  point  aimed  at  in  the  production  of  seedlings  has  been  to  se- 
cure late  ripening,  coupled  with  other  good  qualities.  Considerable 
progress  has  been  made  in  this  direction.  Nearly  all  the  seedlings 
of  Hunn  X  Ideal  ripen  late.  Figure  5  shows  one  of  these,  photo- 
graphed July  13,  1904.  This  was  the  date  of  our  last  picking  and 
shows  the  lateness  of  this  berry,  since  these  clusters  were  practically 
at  their  best  on  that  date.  A  number  of  others  surpassed  any  of  the 
so-called  late  varieties  which  we  have  had  growing  on  the  grounds  in 
company  with  them. 

Among  the  first  crosses  made  were  several  in  which  Wm.  Belt  was 
fertilized  with  pollen  of  the  wild  strawberry.  The  seedlings  obtained 
from  this  first  cross  bore  fruit  too  small  to  be  of  value,  possessing  in  a 
mariced  degree  the  characteristics  of  the  wild  berry.  They  were  in- 
veterate plant-makers,  soon  filling  the  row  completely  with  runners. 
The  fruit,  while  small,  was  usually  of  good  quaUty,  resembling  the 
wild  berry  in  flavor  and  appearance.  A  few  of  the  most  promising  were 
chosen  and  used  for  again  crossing  with  garden  varieties.  A  number 
of  these  seedlings  were  in  fruit  in  1904  and  some  of  them  were  very 
promising,  showing  good  size  of  fruit  and  desirable  characteristics 
of  plant.  Some  of  these  also  retained  the  flavor  of  the  wild  berry  to  a 
perceptible  extent.  Fruit  from  a  number  of  them  is  shown  in  Figure 
6.    These  are  being  retained  for  future  observation. 
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MISCELLANEOUS  ANALYSES 

.     (Other  than  thoee  which  Will  be  published  in  oonnectimi  with  special  articles). 

B.   L.   HABTWXLL,  J.W.   KKLLOQQ,  AND  M.   8TBBL. 

"Htdbatbd"  Lm. 

From  the  Rockland  lime  Co.,  Rockland,  Me. 

Per  cent, 

Caldum  oxid  (lime) 70.90 

Magnedum  oxid  (magnesia) 0.61- 

The  lime  was  slaked  by  steam,  and  then  bolted  to  secure  it  in  a  fine  condition- 

Mucx  (Air-dried). 

From  M.  A.  Evans,  Arnolds  lifills. 

Per  cent. 

Water 6 .  27 

Nitrogen 1 .04 

Residue  after  ignition 30.90 

Soot  (Prom  Soft  CJoal). 

From  CSail  Jiirgens,  Newport. 

I.    Taken  from  chimney, 
n.    Taken  from  boUer  tubes. 

Per  cent, 
I.  II. 

Nitrogen 0.91        0. 17 

Strxbt  SwEEpmos. 

From  Carl  Jiirgois,  Newport. 

Percent. 

Nitrogen 0.25 

The  amounts  of  phosphoric  acid  and  potash  present  were  too  small  to  have 
any  practical  value. 
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A8HB8. 

From  The  Rhode  laiand  Hospital,  Providence. 

PereefU. 

Phoq[>horic  acid 0 .92 

Potassium  oxid  (potash) 2. 18 

Calciimi  oxid  (lime) 9 .00 

Insoluble  matter 63.27 

The  above  ash  was  the  residue  from  burning  the  refuse  and  sweepings  of  the 
hospital,  including  q>lints,  bandages,  animal  matter,  etc. 

Wood  Abhbs.* 

From  The  Woonsocket  Spool  and  Bobbin  Works. 

Per  cent. 

Phosphoric  acid 2 .  28 

Potassium  oxid  (potash) 11 .64 

The  ashes  resulted  from  the  use  as  fuel  of  the  refuse  from  q>ools  and  bobbins. 

Wood  Ashes.* 

From  F.  £.  Fogg,  Tiverton. 

Per  cent. 

Phosphoric  acid 2 .  53 

Potassium  oxid  (potash) 14 .  18 

ASHBS. 

From  E.  D.  Smith  A  Co.,  Providence. 

Per  cent. 

Phosphoric  acid 0 .29 

Potassium  oxid  (potash) Trace. 

Calcium  oxid  (lime) 7.49 

Ferric  and  aluminic  oxids 73.29 

These  ashes  were  produced  from  coal,  and  from  sawdust  which  had  been  used 
for  removing  the  iron  turnings  from  screws. 


*  The  amount  of  lime  must  hare  been  approximately  30  per  cent.,  but  it  was  not  actually 
determined.     The  ashes  from  Tiverton  were  from  oak  wood. 
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Black  Bonx. 

From  C.  N.  Potter,  Elmwood  Station,  Providence. 

PtT  cent. 
Nitrogen 0.69 

This  material  is  used  in  the  caae-hardening  of  steel.    The  phoq[>horic  add  was 
not  determined,  but  the  usual  content  is  about  29  per  cent. 

Guano. 

From  Edmund  Mortimer  A  Co.,  New  York. 

Percent. 
A.  B.  C. 

Nitrogen 9.27         2.77  3.22 

Pho^horic  add 10.68        22.42        20.53 

Potaanum  oxid  (potash) 2.29  3.57         4.07 

Acn>  Phobphatb  (Dissolved  Phosphatb  Rock). 

Percent, 
A.  B. 

Pho^horic  acid 16.96        15.35 

This  material  contains  from  13  to  15  per  cent  of  "available*'  phosphoric  acid. 

Floats  (Undissolvxi)  Phosphatb  Rocx). 

Percent, 
Phoephoric  add 30.27 

I.    FiNiLT  Ground  Bonb. 
II.    Dissolved  Bone. 

Per  cent, 
I.  n. 

Nitrogen 2.90  1.56 

Phosphoric  add 25.03        15.37 

I.    Star  Fish  (air-dried), 
n.    Dried  Blood. 

Percent. 

I.         n. 

Nttarogen 4.81        10.47 

8 
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I.    Nftbatb  or  Soda. 
n.    Sulfate  or  Ammonia. 

FtT  cent. 
I.  n. 

NitrogCD 15.63        21.28 

MuRiATB  or  Potash. 

Percent, 
I.  n. 

Potassium  oxid  (potash) 47.43        52.60 

I.  High  Qradb  Mxtbiatb  or  Potash. 
n.    High  Gradb  Sulfate  or  Potash. 

Per  cent. 
I.  n. 

Potassium  oxid  (potash) 59.68        49.86 

Potassium  Carbonate. 

Per  cent, 

I.  n. 

Potassium  oxid  (potash) 66.00        67.63 

I.    Sodium  Chlorid  (Common  Salt). 

II.  Sodium  Carbonate. 

Per  cent, 

1,  n. 

Sodium  oxid  (soda) 52.76        57.02 

Rhode  Island  Corn  Bran. 

From  Boyd  Bros'  Wmd  Grist-Mill,  Portsmouth.  • 

Percent, 

Crude  fat 3.71 

Protein 7.13 

Cotton-Seed  Meal. 

Per  cent. 
Protein 26.38 

This  sample  contained  a  large  amount  of  cottonnseed  hulls.    A  good  cotton- 
seed meal  should  contain  not  less  than  41  per  cent,  of  protein. 
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THE  EFFECT  OF  POSTPONING  THE  AMMONIUM^T- 
RATE   TREATMENT   OF  THE  WATER-IN- 
SOLUBLE PORTION  OF  FERTILIZERS.' 


B.  L.  HARTWELL  AND  J.  W.  KELLOOO. 


It  has  been  the  custom  of  the  Rhode  Island  Station  to  make  the 
detenninations  of  soluble  phosphoric  acid  in  fertilizens,  and  to  treat 
the  residues  from  the  same  with  ammonium  citrate,  in  all  of  the 
samples  soon  after  they  are  collected.  The  air-dried  residues  from 
the  ammonium-citrate  treatment  are  placed  in  small,  turned,  wooden 
boxes,  and  the  determinations  of  the  phosphoric  acid  in  these  residues 
(insoluble  phosphoric  acid)  are  made  later  at  any  convenient  time. 

This  course  has  been  pursued  in  order  to  avoid  the  changes  in  the 
amounts  of  the  soluble,  reverted,  and  insoluble  phosphoric  acid 
which  usually  take  place  upon  standing.  Such  a  plan  becomes 
nece^ary,  when  several  months  elapse  before  the  fertilizer  analjrses 
are  completed,  in  order  that  the  amounts  of  the  different  forms  of 
phosphoric  acid  found  by  analjrsis  shall  correspond  with  those 
actually  present  at  the  time  the  fertilizers  were  used. 

The  principal  objection  to  this  method  of  procedure  is,  that  work 
involving  all  of  the  samples  delajrs  the  completion  of  the  analjrsis 
of  any  smaller  number  of  the  fertilizers  whose  publication  it  may  be 
desired  to  hasten. 

It  seemed  probable  that  if  the  soluble  phosphoric  acid  were  removed 
promptly,  and  the  residues  thoroughly  air-dried,  that  it  would  not 

*  Presanted  before  the  AModatioii  of  Offidal  Acrioultunl  ChemistB  of  the  United  States,  at 
the  St  Looit  meeting,  in  1904.  ^ 
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be  necessary,  in  order  to  guard  against  changes  in  the  amount  of 
insoluble  phosphoric  acid,  to  extract  the  reverted  acid,  until  later, 
whenever  it  was  convenient.  The  present  work  was  undertaken  to 
secure  some  indications  upon  this  point. 

Two  portions  of  two  grams  each,  taken  from  the  individual  samples, 
were  both  extracted  with  .water  in  the  usual  manner,  to  remove  the 
soluble  phosphoric  acid,  and  the  residues  were  dried  in  the  air. 
Only  one  of  the  residues  in  each  case  was  treated  promptly,  within 
a  day  or  two,  with  the  ammonium-citrate  solution,  to  remove  the 
reverted  phosphoric  acid.  The  residues  from  this  treatment,  as 
well  as  those  from  the  portions  which  had  been  extracted  with  water 
only,  were  placed  in  the  wooden  boxes.  After  about  fifteen  weeks 
the  residues  from  the  extraction  with  water  only  were  digested  with 
the  ammonium-citrate  solution,  and  the  insoluble  phosphoric  acid 
determined  at  once.  At  the  same  time  the  phosphoric  acid  was 
determined  in  the  residues  from  the  earUer  treatment  with  ammonium 
citrate. 

The  determinations  from  each  solution  were  repeated  upon  sub- 
sequent days,  and  the  results  (b)  are  placed  beside  the  first  deter- 
minations (a)  from  the  same  solutions. 

The  weights  of  magnesium  p3rropho8phate  in  grams,  representing 
the  insoluble  phosphoric  acid  per  one-half  gram  of  fertilizer,  are 
given  below: 

Sbbiks  I.                                         Sbbibs  n. 
Early  extraotion  of                   The  **  revertod"  6ztraot«<l  Differenoe  ba- 
the **  xeverted"                          about  15  weeks  later.  tween  I  and  II. 
a.                 b.                                 a.                 b. 

1 0080    .0084  .0080    .0073  —.0005 

2 0187    .0185  .0179    .0180  —.0004 

3 0113    .0114  .0121    .0122  +.0008 

4 0142    .0142  .0149    .0148  +.0007 

6 0178    .0177  .0195    .0177  +.0008 

6 0244    .0245  .0223    .0223  —.0022 

7 0181    .0182  .0184    .0177  —.0001 

8 0075    .0077  .0081    .0078  —.0004 

9 0125    .0124    .  .0124    .0119  —.0003 
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SnuBB  I.  Skbiks  II. 

Early  extraction  of  The  **  reverted"  extracted  Differenoe  be- 

the  **  reverted."  about  16  weeks  later.  tween  I  and  11. 

a.                 b.  a.                 b. 

10 0122    .0125  .0135^   .0134  +.0011 

11 0163    .0163  .0167 "   .0160  +.0001 

12 0135    .0142  .0147    .0146  +.0008 

13 0237    .0236  .0233    .0228  —.0004 

14 0156    .0166  .0162    .0164  +.0007 

15 0160    .0160  .0138    .0134  —.0024 

16 0137    .0139  .0143    .0138  +.0003 

17 0264    .0258  .0209    .0207  —.0053 

Before  drawing  any  conclusions  from  the  above  differences  it  is 
necessary  to  know  how  wide  a  variation  is  liable  to  occur  in  routine 
work  between  two  determinations  of  insoluble  phosphoric  acid  in  a 
given  sample  under  our  conditions,  where  the  extractions  of  the 
soluble  and  the  reverted  phosphoric  acid  are  made  upon  different 
days  from  separate  portions  of  the  sample,  and  where  a  single  result 
only  is  secured  from  each  residue  containing  the  insoluble  phosphoric 
acid.  From  an  inspection  of  a  large  number  of  results  it  was  found 
that  the  difference  was  rarely  greater  than  1.5  milligrams  (0.19%), 
it  being  in  most  cases  much  less.  It  may  be  seen  from  the  above 
results  that  in  the  cases  of  Nos.  6,  15,  and  17  only  was  this  limit 
exceeded;  so  that  the  differences  in  the  remaining  instances  must  be 
considered  as  falling  within  the  limit  of  error  liable  to  occur  under 
the  conditions  of  the  work.  Whether  the  reduction  in  amount  of 
insoluble  phosphoric  acid  in  Nos.  6, 15,  and  17  was  actually  caused  by 
the  postponement  of  the  ammonium-citrate  extraction,  as  is  in- 
dicated by  the  results,  could  only  be  ascertained  with  certainty  by 
a  larger  number  of  determinations. 

If  it  should  be  proven  that  there  is  in  certain  isolated  cases  some- 
what less  insoluble  phosphoric  acid  when  the  extraction  with  ammo- 
nium citrate  is  postponed  for  several  months,  no  injustice  would  be 
done  to  the  manufacturer,  as  the  available  phosphoric  acid  would 
become  correspondingly  greater. 

It  is  interesting  to  note  that  with  the  other  numbers  taken  together 
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there  is  a  tendency  towards  an  increased  amount  of  insoluble  phos- 
phorio  acid  in  the  residue  from  the  later  extraction  with  ammonium 
citrate,  although  the  difference  in  every  case  is  within  the  limit  of 
error.  It  is  not  improbable  that  any  difference  which  might  occur 
would  be  plus  or  minus,  depending  upon  the  nature  of  the  fertilizer. 

It  is  realized  that  the  results  herein  recorded  do  not  settle  the 
question  at  hand;  but  they  indicate  that  no  large  error  will  arise  if, 
for  the  sake  of  greater  convenience,  the  dried  residues  from  the 
extraction  with  water  are  kept  a  number  of  weeks  before  the  ^'r^ 
verted  "  phosphoric  acid  is  removed  by  the  ammonium  citrate. 
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PHOSPHORIC    ACID    DETEE««INATIONS    BY    THE 

METHOD  OF  IGNITION  WITH  MAGNESIUM 

NITRATE  AND  BY  THAT  OF  DIGES- 

TION  WITH  ACIDS*' 


BY  B.  L.  HARTWELL,  A.  W.  BOSWORTH,  AND  J.  W.  KELLOGG. 


The  method  described  by  A.  Neumann*  provides  for  the  destruc- 
tion of  the  organic  matter  by  digesting  the  material  in  a  Kjeldahl 
fask  with  a  mixture  of  equal  volumes  of  concentrated  sulfuric  and 
nitric  acids,  adding  small  amoimts  of  the  acid  mixture  from  time  to 
time,  until  the  destruction  of  the  organic  matter  is  completed.  Fifty 
grams  of  anmionium  nitrate  are  then  added  to  the  cooled,  diluted 
solution,  the  temperature  is  increased  to  70®  or  80®C.,  and  the  molybdic 
mixture  added.  After  15  to  20  minutes  standing,  the  solution  is 
filtered  and  the  phosphoric  acid  determined  volumetrically  in  the 
precipitate. 

The  method  seemed  to  oflfer  some  advantages  over  the  older 
methods,  and  it  was  decided  to  give  it  a  trial  in  determining  phos- 
phoric acid  in  the  oat  plant  and  in  turnips,  using  the  method  exactly 
as  outlined  except  that  the  ammonium  phosphomolybdate  was 
dissolved  in  ammonium  hydroxid,  and  the  phosphoric  acid  deter- 
mined gravimetrically  in  magnesium  pyrophosphate,  instead  of 
using  the  volumetric  method.    A  sample  of  oats,  which  yielded 

'  This  pi4>er  was  publiah«d  in  th«  Journal  of  the  American  Chemical  Society,  March.  1905. 

^Areh.  Anat.  u.  Physiol.,  Physiol,  Abt.  169  (1900);  Ztschr.  Physiol.  Chem.  37.116  (1902- 
1903):  Ibid  43,32  (1904).  See  also  £.  Poher.  Ann.  Sd.  Asron.  2d.  ser.  8.,  T.  2.  441 
•(1902-8). 
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0.0377  gram  of  magnesium  pyrophosphate  by  the  magnesium 
nitrate  method  of  the  Association  of  Official  Agricultural  Chemists, 
yielded  by  the  Neumann  method,  with  15  to  20  minutes  digestion, 
only  0.0309  gram.  In  the  case  of  turnip  roots,  0.0331  gram  of 
magnesium  pyrophosphate  was  obtained  by  the  magnesium-nitrate 
method  and  0.0326  gram  by  the  Neumann  method.  Upon  further 
digestion  of  the  filtrate  from  the  yellow  precipitate  (ammonium 
phosphomolybdate)  secured  by  the  Neumann  method  more  pre- 
cipitate was  obtained,  indicating  the  advisabiUty  of  a  longer  diges- 
tion. Other  determinations  were  next  made  in  the  same  material 
by  digesting  for  one  hour  at  65®.  The  oats  yielded  0.0321  gram  and 
the  turnip  roots  0.0319  gram  as  against  0.0377  and  0.0331  gram 
respectively  by  the  magnesium-nitrate  method.  There  seemed  to 
be  some  difficulty  in  obtaining  all  of  the  phosphoric  acid  by  pre- 
cipitating with  molybdic  mixture  according  to  the  conditions  as 
outlined  in  the  method,  and  even  upon  continuing  the  digestion  for 
one  hour  at  65®.  The  details  of  the  modified  method,  as  used  in 
securing  the  results  recorded  on  succeeding  pages,  and  referred  to 
herein  as  the  acid  method,  are  as  follows:  5  grams  of  the  substance 
were  digested  in  a  Kjeldahl  flask.  A  low  heat  and  small  amount 
of  the  acid  mixture  were  used  at  the  beginning,  the  heat  being 
gradually  raised  and  subsequent  small  portions  of  the  acid  mixture 
added,  in  the  manner  described  by  Neumann,  until  the  least  amount 
of  acid  had  been  used  which  was  necessary  for  the  destruction  of  the 
organic  matter,  perhaps  40cc.  in  all.  After  diluting  and  cooling  the 
solution  was  made  ammoniacal,  acidified  with  nitric  acid,  and  treated 
with  the  molybdic  mixture^  of  the  A.  O.  A.  C,  to  which  15  grams  of 
ammonium  nitrate  per  50cc.  of  solution  had  been  added.  Some 
difficulty  was  experienced  at  first  in  securing  a  complete  precipita- 
tion of  the  ammonium  phosphomolybdate,  due  perhaps  to  the  large 
amount  of  ammonium  sulfate  present.  A  large  volume  of  solution, 
considerable  excess  of  molybdic  mixture,  an  extra  amount  of  ammo- 

^  U.  8.  Dept.  of  Agr.,  Bur.  of  Chem.,  Bui.  46,  p.  11,  (1898). 
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nium  nitrate,  and  digestion  at  65^  for  a  few  hours  were  the  conditions 
finally  adopted. 

In  order  to  compare  the  results  obtained  by  the  above  method 
with  those  by  a  well-known  and  thoroughly  familiar  method,  the 
following  was  selected.  To  5  grams  of  substance  in  a  porcelain 
dish  were  added  lOcc.  of  the  official  magnesium-nitrate  solution^ 
and  sufficient  water  to  allow  the  entire  mass  to  be  moistened.  The 
contents  of  the  dish  were  dried  and  ignited.  Jhe  residue  was  treated 
With  hydrochloric  acid  and,  after  evaporating  and  drying  at  about 
120^  to  avoid  any  possibility  of  the  results  being  increased  by  soluble 
silica,  the  mass  was  digested  with  hydrochloric  acid.  The  filtered 
solution  was  neutralized  with  ammonium  hydroxid,  about  30  grams 
of  ammonium  niirate,  40cc.  of  half  strength  nitrate  acid  and  50cc. 
of  molybdic  solution  added,  and  the  digestion  conducted  at  65®  for 
an  hour  or  more.  The  two  methods  were  alike  after  this  point,  the 
phosphoric  acid  being  determined  in  magnesium  pyrophosphate  as 
usual.  The  addition  of  the  nitric  acid  was  found  necessary,  imder 
our  conditions,  to  prevent  the  separation  of  molybdenum  compounds 
other  than  ammonium  phosphomolybdate,  which  otherwise  were 
thrown  down  and  interferred  with  clear  filtration  and  washing. 
The  evaporation  to  remove  silica  was  perhaps  an  unnecessary  pre- 
caution, as  is  indicated  by  the  following  results  upon  a  number  of 
different  samples  of  oat  plants.  The  results  marked  a  were  secured 
when  evaporation  and  drying  to  render  all  silica  insoluble  were  re- 
sorted to,  and  those  marked  b  were  from  separate  portions  of  the 
same  samples  when  these  precautions  to  render  the  silica  insoluble 
were  not  taken: 

Grams  or  Maonxstoii  Ptrophosphatb  obtained  from  5  Grams  of  Oats. 

a.... 0.0398    0.0453    0.0425    0.0398    0.0377    0.0333    0.0435    0.0373    0.0390 
6... 0.0394    0.0456    0.0430    0.0414    0.0377    0.0328    0.0434    0.0370    0.0390 

The  following  results  represent  the  grams  of  magnesium  pyro- 

^  loc.  eit.  p.  12. 
9 
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phosphate,  obtained  by  the  acid  and  magnesium-nitrate  methods 
previously  described,  from  separate  five-gram  portions  of  different 
samples.  It  may  be  seen  that  from  one  to  three  independent  deter- 
minations were  made  in  a  given  sample  by  the  two  methods,  results 
upon  each  sample  being  arranged  vertically: 

Flat  Tubnip  Roots. 

No.  of  Mmple.                                      51  5S             65           57           8S             SO 

10.0496  0.0644    0.0561  0.0630  0.0576  0.0553 

0.0516  0.0644    0.0535  0.0684  0.0620  0.0556 

0.0532     0.0656  0.0621  

10.0493  a0613  0.0534  0.0630  0.0560  0.0539 
0.0502  0.0613  0.0520  0.0640  0.0592  0.0555 
0.0611    0.0534     0.0584    0.0541 

No.  of  Mmple.  eO  61  68  65  67  69 

Add  method                        i   ^'^^^    ^'^^^    ^'^^^    ^'^^^    ^'^^^    0.0486 
'    ^        I    0.0532    0.0344    0.0493 


Magnesium-nitrate  method 


CO.I 
(    0.( 


.0511    0.0389    0.0323    0.0320    0.0320    0.0476 
0.0530     0.0339     0.0475 


Oat  Plant  (Aerial  portion). 

No.  of  Mmple.  51  58  M  07  09 

Acid  method 0.0424    0.0477    0.0404    0.0419    0.0425 

10.0398  0.0456  0.0404  0.0430  0.0414 
0.0394  0.0453  0.0376  0.0425  0.0398 
0.0390 

No.  of  Mmple.  61  63  65  67  69 

Add  method 0.0379    0.0354    0.0450    0.0368    0.0388 

--  *    *         *u  J  (    0.0377    0.0328    0.0300    0.0370    0.0390 

Magnesium-mtrate  method V 

(    0.0377    0.0333    0.0435    0.0373    0.0390 

The  average  amount  of  magnesium  p3rrophosphate  obtained  per 
five  grams  of  material  in  the  case  of  the  turnip  roots  was  0.0493 
gram  by  the  acid  method  and  0.0480  gram  by  the  magnesium-nitrate 
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method,  which  are  respectively  equivalent  to  0.629  and  0.612  per 
cent,  of  phosphorus  pentoxid.  Similarly,  with  the  oat  plant,  0.0409 
gram  of  magnesium  pyrophosphate  was  obtained  by  the  acid  method 
&Dd  0.0397  gram  by  the  magnesium-nitrate  method,  which  are 
respectively  equivalent  to  0.522  and  0.506  per  cent,  of  phosphorus 
pentoxid. 

The  results  by  the  acid  method  are  on  an  average  about  three 
per  cent,  higher  than  those  by  the  magnesium-nitrate  method.  It 
18  not  believed,  however,  that  the  magnesium-nitrate  method  failed 
to  secure  all  of  the  phosphoric  acid  present  in  the  crop,  but-  rather 
that  there  were  impurities  present  in  the  magnesium  pyrophosphate 
obtained  by  the  acid  method;  it  was  frequently  of  an  abnormal 
color  and  had  a  reddish  tint,  in  which  case  a  quite  strong  reaction 
for  iron  was  obtained.  Furthermore,  in  a  number  of  instances  the 
magnesiiun  pyrophosphate  obtained  by  each  method  was  dissolved 
in  nitric  acid,  and  upon  reprecipitation  and  ignition  the  results  by 
the  two  methods  were  more  nearly  alike. 

By  a  comparison  of  the  results  with  turnip  roots,  in  which  case 
more  than  one  determination  was  frequently  made  by  each  of  the 
methods,  it  may  be  seen  that  there  was  more  difficulty  in  obtaining 
parallel  results  with  the  acid  method  than  with  the  other. 

It  should  be  said,  in  explanation  of  the  frequent  wide  differences  in 
the  determinations  by  a  given  method,  that  it  was  thought  advisable 
to  include  all  of  the  results,  thereby  affording  an  indication  of  the 
capabilities  of  the  two  methods  as  followed  in  the  routine  analjrsis 
of  a  considerable  number  of  samples,  where  the  time  element  would 
preclude  reprecipitation  for  the  purpose  of  increasing  the  purity  of 
the  final  product. 

It  is  recognized  that  a  wider  experience  with  the  acid  method 
would  probably  lead  to  desirable  modifications,  but  for  the  interest  of 
those  who  might  wish  to  use  the  method  the  results  are  presented 
at  this  time. 
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NOTES   ON   THE  USE  OF   ACETIC   AND   OF  OXAUC 

ACBD   FOR .  EXTRACTING   THE  CHARRED 

MATERIAL  IN  PREPARING  ASIV 


B.  L.  HARTWELL  AND  J.  W.  KELLOGG. 


When  material  is  incinerated  with  a  view  of  retaining  in  the  ash 
all  of  the  potassium  and  sodium^  it  is  usually  advisable  to  extract 
the  substance,  obtained  by  charring  at  a  low  heat,  with  some  solvent 
which  shall  remove  the  soluble  ash  constituents  before  the  charred 
.material  is  subjected  to  the  higher  heat  necessary  for  complete 
incineration.  The  method*  of  the  Association  of  Official  Agricul- 
tural Chemists  suggests  water  or  acetic  acid  for  this  purpose,  depend- 
ing upon  circumstances. 

In  the  analysis  of  the  ash  of  mixed  grasses,  principally  timothy 
and  red  top,  it  was  found  that  about  20  per  cent.,  after  dehydrating 
the  silica,  consisted  of  material  insoluble  in  hydrochloric  acid.  Very 
little  "sand"  could  have  been  present, for  the  samples  were  cut  from 
a  compact  turf  and  the  only  source  of  dirt  was  such  dust  as  may 
have  adhered  to  the  growing  plants.  Practically  no  eflfervescence 
occurred  upon  adding  hydrochloric  acid  to  this  ash,  there  being 
sufficient  acid  radicals  other  than  carbon  dioxid  to  combine  with 
the  bases. 

It  had  been  the  general  custom  at  this  Station  in  the  preparation 
of  plant  ash  to  char  the  substance  at  a  low  temperature  and  to 

'  To  be  read  at  the  Annual  Convention  of  the  Aasociation  of  Offidal  A^oultural  Chemuta. 
to  be  held  in  Washington,  D.  C,  in  November,  1005. 

*  U.  8.  Dept.  of  Agr.,  Bur.  of  Chem..  BuL  46.  p.  77  (1898). 
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extract  the  charred  material  thoroughly  with  hot  water,  in  order  to 
remove  alkalies  and  to  aid  in  the  incineration.  A  single  test  with 
the  hay  showed  that  eight  per  cent,  of  the  total  amount  of  potassium 
and  sodium  was  left  unextracted  by  the  hot  water,  even  though  the 
charred  material  was  digested  with  the  same  for  some  time.  It 
seemed,  therefore,  that  it  might  be  desirable  in  some  cases  to  use 
an  acid  in  the  extraction  to  guard  against  the  possibility  of  any 
volatilization  of  the  alkalies  during  the  final  ignition;  and  dilute 
acetic  acid  was  given  a  trial  in  comparsion  with  the  water.  It  was 
noticed  invariably  that  the  portion  of  the  ash  from  the  charred, 
extracted  material  was  the  browner  where  the  acetic  acid  was  used, 
indicating  that  the  proportion  of  iron  was  greater,  due  probably  to 
the  more  thorough  extraction  of  the  calcium  by  the  acetic  acid;  and 
also  that  it  dissolved  with  greater  difficulty  in  hydrochloric  acid. 
In  a  few  instances  the  ash  from  the  extract  and  that  from  the  charred, 
extracted  material  were  kept  separate,  and  the  total  silica  deter- 
mined in  each  case.  The  amount  of  silica  was  noticeably  greater  in 
the  extract  secured  by  water  digestion  than  when  acetic  acid  was 
used. 

Chicory  tope,  carefully  brushed  to  remove  all  soil  which  had 
spattered  upon  them  during  heavy  showers,  yielded  an  ash  which 
generally  contained,  after  dehydrating  the  silica,  about  six  per  cent, 
of  material  insoluble  in  hydrochloric  acid.  In  the  case  of  this 
material  there  was  considerable  carbon  dioxid  in  the  ash;  but  it  will 
be  noticed  that  the  proportion  of  insoluble  matter  was  much  less 
than  in  the  ash  from  hay,  in  spite  of  the  fact  that  there  was  greater 
liability  of  contamination  by  soil  in  the  case  of  the  chicory  tops, 
which  were  from  a  hoed  crop.  In  making  a  comparison  of  water 
and  of  acetic  acid  for  extracting  the  charred  material  of  the  chicory 
tops,  a  Uberal  quantity  of  the  latter,  after  charring,  was  mixed  and 
divided  into  two  equal  portions,  one  of  which  was  thoroughy  ex- 
tracted with  dilute  acetic  acid  and  the  other  with  water.  The 
comparsion  was,  therefore,  more  exact  than  in  the  case  of  the  hay 
where  the  extraction  was  from  two  separately  charred  portions, 
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which  may  have  varied  slightly  as  regards  the  extent  of  charring. 
Eighty-four  per  cent,  of  the  crude  ash  was  obtained  from  the  acetic 
acid  extract,  whereas  only  fifty  per  cent,  was  in  the  aqueous  extract. 
Twenty-two  per  cent,  of  the  total  silica  was  found  in  the  acetic  acid 
extract  and  three  per  cent,  in  the  aqueous  extract.  In  this  instance 
a  larger  proportion  of  the  silica  was  extracted  by  the  acid  than  by 
the  water,  while  with  the  hay  the  reverse  seemed  to  be  true,  due, 
perhaps,  to  the  precipitation  of  some  of  the  soluble  silica  of  the 
highly  siliceous  hay,  and  to  its  retention  with  the  charred  material. 
The  ash  from  the  charred  chicory  tops,  exclusive  of  that  from  the 
extract,  was  browner  and  dissolved  with  greater  difficulty  when 
acetic  acid  was  used  as  the  extracting  solution  than  when  water  was 
employed,  as  was  also  true  in  the  case  of  the  hay.  It  seems  likely 
that  the  more  complete  removal  of  the  lime  by  the  acetic  acid  is  a 
detriment  to  the  final  incineration  of  the  charred  material  from 
certain  plant  substances,  resulting,  as  was  noticed,  in  an  ash  which 
is  more  difficult  to  dissolve  in  hydrochloric  acid. 

The  total  amount  of  crude  ash  was  invariably  greater  when  acetic 
acid  rather  than  water  was  used.  This  was  due  in  part,  at  least,  to 
carbon  from  the  incomplete  ignition  of  the  acetates  in  the  extracted 
material;  for  upon  the  evaporation  of  the  extract,  after  combining 
it  with  the  ash  from  the  charred  material,  and  subsequently  igniting, 
a  more  or  less  blackened  mass  was  obtained,  which  could  not  be 
burned  to  a  light-colored  ash  without  increasing  the  temperature 
to  a  degree  which  might  result  in  volatilization  of  alkalies. 

It  seemed  as  though  the  difficulties  in  using  acetic  acid  could  be 
overcome  by  substituting  oxalic  acid.  The  latter,  of  course,  would 
leave  the  calcium  with  the  charred  material,  and,  owing  to  the 
larger  proportion  of  oxygen  to  carbon  in  this  acid  than  in  acetic  acid, 
no  carbonaceous  residue  would  be  left  upon  ignition.  Therefore 
a  comparasion  was  made  between  dilute  oxalic  acid  and  water  for 
extracting  the  charred  material  from  hay  of  similar  character  to 
that  mentioned  previously.  Equal  portions  of  the  charred  material 
were  extracted  by  the  two  solutions,  and  the  silica  in  the  crude  ash 
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from  the  extract  and  also  from  the  charred  material  itself  deter^ 
mined  separately.  From  four  different  samples  of  hay,  90,  95,  87, 
and  89  per  cent,  respectively  of  the  total  silica  was  found  in  the 
charred  mass  which  had  been  extracted  with  oxalic  acid,  while  that 
left  from  the  extraction  of  like  material  with  water  usually  con- 
stituted less  than  70  per  cent,  of  the  total  silica. 

It  was  thought  that  the  difference  in  the  relative  amounts  of  the 
various  ash  ingredients  in  the  charred  substance,  depending  upon 
whether  water  or  acid  had  been  used  in  the  extractions,  might  have 
an  mfluence  upon  the  amount  of  impurity  which  is  ahnost  invariably 
contained  in  the  total  silica.  The  insoluble  matter  in  the  ash  of  the 
charred  substance  from  hay,  referred  to  in  the  preceding  paragraph, 
was  treated,  therefore,  with  hydrofluoric  acid  to  volatilize  the  silica, 
and  the  residue  soluble  in  hydrochloric  acid  was  determined.  The 
grams  of  residue  per  thirty  grams  of  four  different  samples  of  hay 
are  given  below: 

When  the  ''char"  was  extracted  with  water. . . . 
When  the  *'  char  "  was  extracted  with  oxalic  add 

The  above  residues  represent  the  following  percentages  of  the  in- 
soluble matter  from  which  they  were  obtained, 

I.      n.    m.    IV. 

Wlien  the  "char"  was  extracted  with  water 13.3    12.0    9.7    10.0 

When  the  "char  "was  extracted  with  oxalic  acid 6.3      6.8    4.6      7.5. 

These  results  indicate  that  the  insoluble  matter  in  the  ash  from 
hay  may  contain  less  non-siliceous  material  if  oxalic  acid  instead  of 
water  is  used  for  extracting  the  charred  substance.  The  insoluble 
matter  in  the  ash  from  carrots  and  radishes,  however,  which  was 
about  one-fourth  as  much  as  from  the  hay,  yielded  no  greater  residue 
from  treatment  with  hydrofluoric  acid  when  water  was  used  to  ex- 
tract the  charred  material  than  when  oxalic  acid  was  used. 

When  the  samples  to  be  analyzed  are  free  from  adhering  soil,  it  is 


I. 

II. 

m. 

IV. 

0342 

.0203 

.0159 

.0170 

0166 

.0150 

.0105 

.0168 
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advisable  to  treat  the  insoluble  matter  of  the  ash  with  hydrofluoric 
acid  in  order  to  volatilize  the  silica,  which  is  then  represented  by 
the  difference  in  weight  caused  by  the  action  of  the  hydrofluoric 
acid.  The  residue  may  then  be  dissolved  in  hydrochloric  acid  and 
combined  with  the  main  portion  of  the  solution  before  diluting  to  a 
definite  volume.  This  residue  is  frequently  of  considerable  magni- 
tude, depending  upon  the  nature  of  the  material  and  the  method  of 
ignition,  and  often  causes  unsatisfactory  parallels  and  considerable 
error  when  included  in  the  total  silica,  as  well  as  a  minus  error  in 
the  determinations  of  the  non-siliceous  ingredients.  If  any  con- 
siderable amount  of  soil  is  present  with  the  sample,  it  would  be 
unwise,  of  course,  to  use  hydrofluoric  acid  as  suggested  above,  for 
the  reason  that  the  ingredients  of  the  soil  would  then  be  included 
with  the  ash  constituents  and  lead  to  plus  errors. 

Unless  the  preliminary  ignition  is  quite  thorough  before  the  charred 
material  is  extracted,  to  remove  the  alkalies  previous  to  complete 
incineration,  the  aqueous  extract  will  often  be  dark  colored  from 
organic  matter.  This  is  not  apt  to  be  the  case,  however,  when  oxalic 
acid  is  used  for  extraction. 

A  complication  will  arise  in  the  use  of  oxalic  acid,  in  connection 
with  the  determination  of  calcium  oxid,  unless  the  oxalates  are  com- 
pletely decomposed,  for  the  reason  that  calcium  oxalate  will  be 
precipitated  with  the  iron  phosphate.  Some  uncertainty  may  be 
felt  as  to  whether  the  heat  required  to  decompose  all  of  the  oxalates, 
which  may  be  present  with  a  large  amount  of  ash,  could  lead  to 
any  volatilization  of  alkalies.  It  seems  improbable,  considering 
the  combinations  in  which  the  alkalies  occur  at  this  stage,  that  they 
would  be  volatilized;  but  the  only  data  obtained  bearing  upon  this 
point  are  comparisons  of  results  secured  by  using  water  for  extracting 
the  charred  material  from  one  portion  of  a  sample,  and  oxalic  acid 
for  extracting  the  charred  material  from  another  portion  of  the  same 
sample.  A  single  determination  only  was  made  in  each  case,  and 
the  results  per  1.25  grams  of  air-dry  material  are  given  below: 
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POTABSIUll  AND 

Sodium  Chlobids. 
(gram.) 


Water. 


OzaUe 
acid. 


Potassium  Chlo- 
plahnate. 

(gram.) 


Water. 


Oxalic 
acid. 


Carrot  roots - 


Carrot  tops. . 
Radish  roots. 


I. 

II. 

III. 

IV. 

I. 
II. 

I. 
II. 


.0937 
.1170 
.0821 
.0744 
.1214 
.0746 
.1935 
.1696 


.0929 
.1201 
.0819 
.0723 
.1192 
.0748 
.1918 
.1673 


.0809 
.0718 
.0876 
.0938 
.0597 
.0904 


.3294 


.0803 
.0724 
.0864 
.0925 
.0676 
.0904 
.3680 
.324^ 


The  above  diflferences  are  considered  within  the  limit  of  analytical 
error  for  routine  work  carried  on  in  the  manner  described,  and  do 
not  indicate  any  differences  due  to  the  method  of  extraction.  It 
should  be  said  in  this  connection  that  the  residues  from  treating 
the  insoluble  matter  of  the  ash  with  hydrofluoric  acid  were  dissolved 
in  hydrochloric  acid  and  included  with  the  other  acidnsoluble  in- 
gredients of  the  ash,  so  that  any  possible  differences,  which  might 
have  occurred  from  that  source,  would  not  appear  in  the  above 
figures. 

The  amount  of  crude  ash  was  generally  greater  when  oxalic  acid 
instead  of  water  was  used  for  extracting.  As  would  be  expected, 
there  were  no  evidences  of  carbon  left  from  the  decomposition  of  the 
oxalates,  and  it  seems  probable  that  the  amount  of  ash  was  greater 
because  it  was  more  thoroughly  carbonated.  With  hay,  where  the 
evolution  of  carbon  dioxid  upon  the  addition  of  hydrochloric  acid  is 
small,  the  greater  effervescence  from  the  ash  prepared  by  extraction 
with  oxalic  acid  could  be  readily  noticed. 


10 
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ON  THE  EFFECT  OF    LIMING  UPON  CERTAIN  CON- 
STITUENTS OF  A  SOIL. 


B.    L.   HARTWELL  AND   J.    W.    KELLOGG.* 


In  connection  with  experiments  conducted  at  thia  Station  regarding 
the  effect  of  lime  upon  the  growth  of  plants,  some  chemical  work  has 
been  done  which  shows  certain  effects  of  this  material  upon  the  soil 
itself.  In  1893  the  permanent  plats  Nos.  23,  25,  27,  and  29  were 
set  apart  for  determining  the  relative  efficiency  of  nitrogen  in  nitrate 
of  soda  and  in  sulfate  of  ammonia.  Since  that  time  all  of  the  plats 
have  received  equal  annual  applications  of  dissolved  bone-black, 
muriate  of  potash,  and  nitrogen,  and  occasional  additions  of  magne- 
sium sulfate.  Sulfate  of  ammonia  has  been  used  as  the  source  of 
nitrogen  for  plats  23  and  25,  and  nitrate  of  soda  for  plats  27  and  29. 
Plats  25  and  29  have  received  the  following  applications  of  air- 
slaked  lime  per  acre,  namely:  in  1893,  5,400  pounds;  in  1894,  1,000 
pounds;  and  in  1902,  1,046.1  pounds;  making  in  all  over  3.7  tons. 
One  of  the  plats  receiving  sulfate  of  ammonia.  No.  23,  and  one  of 
those  to  which  nitrate  or  soda  has  been  added,  No.  27,  have  never 
received  any  air-slaked  lime.  Miscellaneous  crops  have  been  grown 
across  these  plats,  and  the  cultivation  has  been  the  same  for  all.  In 
December  of  1896  samples  of  the  surface  soil  were  taken  from  the 
four  plats  by  making  borings  along  a  line  extending  across  them. 
The  percentages  of  humusf  in  the  oven-dry  soil,  finer  than  1-50 
inch,  were  as  follows: 

*  Many  suggestions  in  connection  with  this  work  were  received  from  Dr.  H.  J.  Wheeler. 

tThe  term  "humus"  as  used  in  this  article  refers  to  the  organic  matter  extracted  by 
dilute  ammonium  hydroxid  after  a  preliminary  extraction  with  dilute  hydrochloric  add. 
See  Wilejr's  Agricultural  Analysis,  Vol.  1,  p.  326  (1904),  for  method  employed. 
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Sulfate  of  ammonia  plat,  unlimed 4 .00 

Sulfate  of  ammonia  plat,  limed 3.60 

Nitrate  of  soda  plat,  imlimed 4.29 

Nitrate  of  soda  plat,  limed 3.49 

Samples  of  soil  were  again  taken  from  the  four  plats  in  the  spring 
of  1904;  at  this  time  the  borings  were  made  so  that  the  entire  plat 
might  be  represented  by  each  sample.  The  percentages  of  humus 
in  the  oven-dry  soil,  finer  than  1-25  inch,  were  as  follows: 

Sulfate  of  aomionia  plat,  unlimed 3. 76 

Sulfate  of  aomionia  plat,  limed 3.25 

Nitrate  of  soda  plat,  unlimed 3. 78 

Nitrate  of  soda  plat,  limed 3 .  33 

These  results  should  not  be  compared  with  those  from  the  year 
1896,  because  the  samples  were  both  taken  and  prepared  differently. 
Attention  is  directed  at  this  time  merely  to  the  fact  that  the  amount 
of  humus  in  the  limed  soil  is  from  10  to  19  per  cent,  less  than  in  the 
corresponding  unlimed  soil,  when  both  sets  of  results  are  taken  into 
consideration. 

The  following  results  taken  from  an  earlier  publication*  of  this 
Station  show  the  variations  in  the  content  of  humus  in  a  soil  after 
growing  maize,  oats,  and  rye,  each  for  one  year,  in  large  pots  which 
were  sunk  in  the  ground.  The  soil  was  taken  from  a  portion  of  the 
same  field  in  which  the  previously  mentioned  plats  are  located,  and 
the  limed  pots  received,  at  the  beginning  of  the  experiment,  air- 
slaked  lime  at  the  rate  of  four  tons  per  acre. 

Humus  in  oven-dry  soiL 

Per  Cent, 

Sulfate  of  ammonia  pots,  unlimed 3.93 

Sulfate  of  ammonia  pots,  limed 3.63 

Nitrate  of  soda  pots,  unlimed 3.93 

Nitrate  of  soda  pots,  limed 3.42 

*  Annual  Report,  (1889)  p.  155. 
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The  following  loss  in  weight  resulted  upon  ignition  of  the  soil 
collected  in  1904  from  plats  23,  25,  27,  and  29,  which  had  been  oven- 
dried  at  150^0  before  ignition: 

P«r  CmU. 

Sulfate  of  ammonia  plat,  imlimed 7 .  12 

Sulfate  of  ammonia  plat,  limed 6 .  88 

Nitrate  of  soda  plat,  unlimed 7.24 

Nitrate  of  soda  plat,  limed 6.67 

The  above  loss  by  ignition  can  not,  of  course,  be  attributed  entirely 
to  organic  matter;  but  it  is  fair,  perhaps,  to  assume  that  the  changes 
in  weight  due  to  other  causes  would  be  about  equal  on  all  of  the 
plats,  and  that  the  smaller  losses  from  the  limed  soil  indicate  that 
the  total  organic  matter  has  been  somewhat  decreased. 

In  view  of  the  smaller  quantities  of  humus  and  of  organic  matter 
in  the  limed  than  in  the  unlimed  soil,  it  is  of  interest  to  record  the 
following  amounts  of  nitrogen,  calculated  to  oven-dry  soil,  in  the 
samples  collected  in  1904: 

Sulfate  of  ammonia  plat,  unlimed 0 .223 

Sulfate  of  ammonia  plat,  limed 222 

Nitrate  of  soda  plat,  unlimed 225 

Nitrate  of  soda  plat,  limed 205 

The  differences  in  the  first  three  results  are  within  the  limit  of 
analytical  error  (about  .005  per  cent.) ;  the  limed  plat  receiving 
nitrate  of  soda  being  the  only  one  which  shows  a  decreased  amount 
of  nitrogen  in  the  soil.  It  should  be  recalled  that  liberal  applica- 
tions of  nitrogen  were  made  annually  to  each  plat. 

The  amount  of  humus  in  the  limed  plats  is  not  only  less,  as  has 
been  recorded  above,  but  the  composition  of  the  compounds  con- 
taining humus  and  ash  constituents  is  different.  This  is  shown  by 
extracting  the  soil  directly  with  dilute  ammonium  hydroxid,  without 
the  preliminary  treatment  with  hydrochloric  acid  as  required  in  the 
determination  of  humus.     The   precipitate,  formed    by   acidifying 
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this  ammoniacal  extract  with  hydrochloric  acid,  is  dried  and    the 
further  loss  upon  ignition  is  designated  herein  as  "free"  humus.* 

Free  Humus  in  Ovenrdry  SoU.     {Sampled  in  1904.) 

PtrCmU, 

Sulfate  of  ammonia  plat,  imlimed 1 .  47 

Sulfate  of  ammonia  plat,  limed 99 

Nitrate  of  soda  plat,  unlimed 1 .61 

Nitrate  of  soda  plat,  limed 96 

The  free  humus  equals  39  and  43  per  cent.,  respectively,  of  the 
humus  in  the  case  of  the  unlimed  plats,  while  with  the  limed  ones  it 
^uals  only  30  and  29  per  cent.,  respectively,  of  the  humus.  The 
free  humus  in  the  samples  collected  in  1896  showed  practically  the 
same  relation  to  the  humus  as  the  above. 

The  effect  exerted  by  lime  upon  the  organic  matter  of  a  given  soil 
depends  to  a  considerable  extent  upon  the  degree  of  acidity  or  al- 
kalinity of  the  soil.  It  is  important,  therefore,  to  note  some  of  the 
characteristics  of  the  particular  soil  from  which  the  results  herein 
recorded  have  been  secured.  The  soil  contains  no  calcium  carbonate, 
and  turns  blue  litmus  paper  decidedly  red.  Many  of  the  common 
agricultural  plants  fail  to  make  a  satisfactory  growth  until  some 
alkaline  material  has  been  applied  to  the  soil.  The  conditions  are 
made  worse  by  the  addition  of  manurial  substances  which  have 
the  effect  of  increasing  the  acidity;  for  example,  sulfate  of  ammonia. 
Nitrate  of  soda,  on  the  other  hand,  gradually  diminishes  the  acidity 
80  that  plants  which  are  much  injured  by  the  conditions  naturally 
listing  in  this  soil  manifest  eventually  greater  benefit  from  liming 
when  sulfate  of  ammonia  instead  of  nitrate  of  soda  constitutes  the 
source  of  nitrogen.  In  fact  the  conditions  are  such  upon  the  un- 
limed plat  No.  23,  to  which  sulfate  of  ammonia  has  been  applied 
annually  for  a  series  of  years  as  the  source  of  nitrogen,  that  many 
varieties  of  plants  are  unable  to  live  there. 

The  acidity  of  the  soil  from  the  four  plats  previously  mentioned 

*8m  method  in  Wiley's  A^rioultural  Analysis,  Vol.  1,  p.  331. 
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was  determined,  in  its  niatural,  moist  condition,  in  May,  1904,  by  the 
lime-water  method.*  The  amounts  of  calcium  oxid  required  per 
acre  to  neutralize  the  soil  were  found  by  this  method  to  be  approxi- 
mately as  follows: 

Pound*. 

Sulfate  of  ammonia  plat,  imlimed 4,700 

Sulfate  of  ammonia  plat,  limed 1,100 

Nitrate  of  soda  plat,  unlimed 2,500 

Nitrate  of  soda  plat,  limed 0 

The  idea  is  frequently  expressed  that  a  treatment  which  decreases 
the  humus  of  a  soil  tends  to  diminish  its  productiveness.  This 
thought,  however,  should  be  associated  with  the  fact  that  the  value 
of  humus  depends  upon  its  particular  character.  The  limed  plat 
receiving  sulfate  of  ammonia,  for  example,  contains  about  one- 
seventh  less  humus  than  the  unlimed  one,  and  yet  the  productiveness 
has  been  wonderfully  increased  by  the  liming.  There  can  be  no 
doubt,  however,  of  the  advisability  of  maintaining  a  liberal  supply 
of  organic  matter  of  the  proper  kind  within  the  soil;  and,  where 
liming  proves  desirable,  particular  attention  should  be  given  to  this 
point,  because  of  the  tendency  of  the  lime  to  decrease  the  organic 
material.  Unless  stable  manure  is  applied,  or  an  occasional  green 
crop  or  grass  stubble  is  turned  under,  the  amount  of  organic  matter 
in  the  soil  may  become  depleted  to  such  an  extent  in  the  course  of 
time  as  to  seriously  decrease  the  productiveness  of  the  soil. 

The  exclusive  use  of  chemical  manures  for  long  periods  of  years 
should  not  be  resorted  to  without  a  very  careful  consideration  of 
the  question  of  the  maintenance  of  suflScient  decomposing  organic 
matter  within  the  soil  to  conserve  moisture,  insure  a  proper  physical 
condition,  liberate  plant  food,  and  so  forth. 

It  has  been  shown  previously  that  not  only  the  amounts  of  humus 
and  of  free  humus  were  less  upon  the  limed  than  upon  the  unlimed 
plats,  but  also  that  the  proportion  of  free  humus  was  less;  or, 
in  other  words,  the  composition  of  the  compounds  of  humus  and 

*  Veitch.  Jour.  Amer.  Chem.  Soo.  26.  661,  (1004.) 
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inorganic  matter  is  changed  to  such  an  extent  by  the  liming  as  to 
materially  decrease  their  solubility  in  ammonium  hydroxid. 

Enough  determinations  are  recorded  herewith  to  indicate  that 
there  is  a  marked  difference  in  the  composition  of  the  ash  associated 
with  the  free  humus  of  the  limed  and  of  the  unlimed  plats.  In  the 
case  of  the  unlimed  plats  fertilized  with  either  sulfate  of  ammonia 
or  nitrate  of  soda,  silica  composed  26  and  23  per  cent.,  respectively, 
of  the  ash  associated  with  the  free  humus,  while  with  the  correspond- 
ing limed  plats  the  per  cent,  was  increased  to  35  and  32,  respectively. 
On  the  other  hand,  the  proportions  of  oxids  of  iron,  aluminum,  and 
phosphorus  taken  collectively  were  noticeably  less  in  the  ash  asso- 
ciated with  the  free  humus  of  the  limed  plats.  It  is  recognized  that 
the  quantity  of  mineral  ingredients  which  is  precipitated  together 
with  the  free  humus  by  hydrochloric  acid,  and,  to  some  extent, 
the  composition  of  the  same,  are  somewhat  dependent  upon  the 
conditions  of  precipitation;  but  determinations  made  under  similar 
circumstances,  as  these  were,  may  be  compared  fairly  with  each 
other.  The  precentage  of  ash  to  free  humus  was  about  the  same  in 
all  four  soils.  The  color  of  the  ash  in  each  case  indicated  a  large 
proportion  of  ferric  oxid. 

The  amounts  of  the  principal  ash  ingredients  contained  in  the 
clear  extract  secured  by  ammonium  hydroxid  after  the  soil  had  been 
previously  extracted  with  dilute  hydrochloric  acid  and  washed,  that 
is,  those  ash  constituents  associated  with  the  humus  itself,  were  as 
follows: 


Percentages  of  Certain  IngredienU   in    the  Ash  Associated   vdth  the  Humus, 
(Samples  of  SoU  taken  in  1904.) 


Sulfate  of  ammonia  plats,  unlimed 
Sulfate  of  ammonia  plats,  limed . . 

Nitrate  of  soda  plats,  imlimed 

Nitrate  of  soda  plats,  limed 


Phosphorio 
acidCP^Oj). 

SiUca. 

9 

16 

13 

3 

10 

16 

13 

10 

Ferric  and  al- 
uminic  oxids. 

'  75  ' 
72 

68 
76 
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It  may  be  seen  that  the  ingredients  mentioned  above,  constitute 
from  88  to  100  per  cent,  of  the  ash  constituents  associated  with  the 
extracted  humus.  The  amount  of  phosphoric  acid  is  greater  in  the 
ash  from  the  limed  plats  than  from  the  unlimed  ones,  whereas, 
in  the  case  of  silica,  the  reverse  is  true.  This  results  in  a  wide 
difference  in  the  relation  of  silica  and  phosphoric  acid  in  the  ash 
associated  with  the  humus  from  the  limed  and  from  the  unlimed 
plats. 

The  high  percentage  of  ferric  and  aluminic  oxids  (apparently 
mostly  ferric  oxid)  in  the  ash  associated  with  the  humus  of  these 
soils  indicates  some  intimate  connection  between  the  humus  and  iron. 
In  order  to  ascertain  to  what  extent  iron  and  humus  will  combine^ 
the  following  work  was  undertaken.  Leaf  mould  which  had  ac- 
cumulated upon  a  rock  in  the  forest  and  was,  therefore,  fairly  free 
from  soil  admixture  was  extracted  with  a  2.6  per  cent,  ammonia 
solution.  Ferrous  chlorid,  made  by  digesting  an  excess  of  nails  in 
hydrochloric  acid  with  exclusion  of  air  until  action  had  ceased,  was 
poured  in  excess  into  the  ammonia  extract.  Nearly  all  of  the  iron 
was  precipitated,  and  no  additional  humus  could  be  thrown  out  of 
the  filtrate  by  hydrochloric  acid.  The  precipitate  was  digested  in 
dilute  hydrochloric  acid  and,  after  decanting  the  latter,  was  dis- 
solved nearly  completely  in  dilute  ammonixmi  hydroxid.  The 
precipitate  was  again  thrown  out  from  the  filtered  solution,  by 
hydrochloric  acid.  The  digestion  in  the  same,  and  subsequent 
treatment  with  ammonium  hydroxid  as  just  described,  were  re- 
peated several  times  in  an  attempt  to  remove  such  iron  as  was  not 
intimately  combined  with  the  humus.  The  flasks  in  which  the 
digestions  were  conducted  were  kept  filled,  and  air  was  excluded 
quite  generally,  so  that  at  least  most  of  the  iron  should  remain  in. 
the  ferrous  condition.  The  precipitate  was  finally  washed  practically 
free  from  acid,  and  dried  under  90°  C  in  a  partial  vacuum.  The 
dried  material  was  black  and  had  a  vitreous  luster.  It  contained 
11  per  cent,  of  ash  which  had  the  following  percentage  composition: 
sUica,  7;  phosphoric  acid,  10;  ferric  oxid,  83.     It  should  be  recognized 
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that  the  composition  of  material  prepared  in  this  way  will  vary 
considerably  with  the  extent  of  the  digestion  in  hydrochloric  acid. 

The  readiness  with  which  iron  in  the  ferrous  condition  combined 
with  the  humus  in  considerable  quantity,  and  the  quite  generally 
asserted  poisonous  eflfects  upon  plant  growth  attributed  to  ferrous 
compounds,  impress  the  thought  that  the  less-productive,  unlimed 
soil  may  contain  iron  in  ferrous  combinations  with  the  humus. 

The  concentrated  aqueous  extract  of  the  soil  exhibited  no  reaction 
for  iron  with  either  potassium  ferro-  or  ferricyanid.  It  is  possible, 
however,  that  ferrous  compounds  may  be  present  in  the  soil  which 
are  not  readily  soluble  in  water  but  still  have  a  detrimental  influence 
on  the  growth  of  plants.  Koenig*  mentions  the  different  eflfect  of 
ferrous  oxid  upon  plant  growth  depending  upon  whether  it  is  combined 
with  silica,  carbonic  acid,  sulfuric  acid,  or  humous  material.  In  the 
same  connection  a  method  is  outlined  for  determining  the  amount 
of  ferrous  oxid  in  soils  containing  moderate  amounts  of  humus. 
It  consists  essentially  of  digesting  a  soil  in  dilute  sulfuric  acid  upon 
a  water-bath,  in  an  atmosphere  of  carbon  dioxid,  and  titrating  the 
solution  with  potassium  permanganate.  It  was  recognized  that 
the  results  may  be  too  high  in  the  case  of  soils  rich  in  humus,  owing 
to  the  presence  of  organic  matter.  The  soils  from  the  unlimed  and 
limed  sulfate  of  anmionia  plats  were  subjected  to  the  above  method 
for  determining  ferrous  oxid.  There  was  no  satisfactory  end-point 
upon  titrating  with  permanganate.  Even  after  a  somewhat  per- 
manent pink  color  was  obtained,  a  drop  of  the  solution  reacted  at  once 
with  potas9ium-ferricyanid  as  though  ferrous  compounds  were  still  in 
solution.  It  is  not  improbable  that  the  organic  matter  in  the  solution 
interfered  with  the  complete  oxidation  of  the  ferrous  compounds. 
The  titrations  were  somewhat  easier  to  accomplish  when  an  excess 
of  the  permanganate  was  added,  and  the  same  was  titrated  back 
with  ammonium  ferrosulfate,  but  they  were  still  very  uncertain. 
A  fairly  satisfactory  end-point  was  finally  secured,  however,  by  using 
potassium  dichromate  as  an  oxidizer  instead  of  the  permanganate, 

*  Untenuebung  landwirtaohaftlich  n.  gewerblioh  wiohtiger  Stoffe,  Berlin,  1898.  p.  43. 
11 
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and  testing  a  drop  of  the  solution  from  time  to  time  with  potassium 
ferricyanid  until  no  color  was  produced.  The  amount  of  ferrous 
oxid  determined  by  this  modification  equalled  0.46%  of  the  air-dry 
unlimed  soil,  and  0.50%  of  the  limed  soil.  It  seems  as  though  very 
little  significance  should  be  attached  to  the  presence  of  iron  in  the 
ferrous  condition  when  organic  matter  and  ferric  compounds  exist 
in  the  same  solution,  as  was  the  case  in  the  dilute  sulfuric-acid 
extract  of  the  soil,  owing  to  the  possibility  of  the  ferric  compounds 
being  reduced  by  the  organic  matter.  The  most  that  can  be  said 
is  that  this  method  affords  no  indications  of  the  presence  of  a  larger 
amount  of  ferrous  compounds  in  the  unlimed  than  in  the  limed  soil. 
It  is  probable,  however,  that  considerable  amounts  of  iron  are  com- 
bined with  the  organic  matter  in  such  a  way  that  it  could  not  be 
brought  into  solution  by  the  sulfuric-acid  digestion.  The  failure 
of  dilute  hydrochloric  acid  to  remove  the  iron  from  the  artificially 
prepared  humus  mentioned  above  would  indicate  this.  No  reliable 
method  suggests  itself  for  determining  all  of  the  iron  in  the  particular 
state  of  oxidation  in  which  it  is  present  in  soils  containing  consider- 
able organic  matter,  owing  partly  to  the  possibility  that  some  iron 
in  the  ferric  condition  may  be  reduced  by  the  organic  matter  to  the 
ferrous  condition  during  the  analysis.  If  a  method  were  available, 
it  might  be  found  that  considerable  iron  in  the  ferrous  condition 
is  in  combination  with  the  organic  matter  in  the  unlimed  soil  in  a 
form  which  is  detrimental  to  plant  growth.  The  iron  which  is 
present  in  an  ammoniacal  extract  of  humus  is  not  thrown  out  of 
solution  by  a  soluble  phosphate  nor  by  ammonium  sulfid.  This 
may  be  because  it  is  combined  with  humous  material  to  form  a 
complex  ion,  and  therefore  fails  to  conform  with  the  usual  behavior 
of  its  simple  ion. 

Summary. 

Since  1893  two  of  the  permanent  experimental  plats  upon  the 
Station  plain  have  received  equal  amounts  of  nitrofi:en  annually  in 
sulfate  of  ammonia,  and  two  others  in  nitrate  of  soda.     About  3.7 
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tons  of  air-slaked  lime  have  been  applied  in  all  to  one  of  the  plats 
receiving  sulfate  of  ammonia,  and  to  one  of  those  receiving  intrate 
of  soda.  Equal  amounts  of  muriate  of  potash  and  dissolved  bone- 
black  have  been  added  annually  to  each  plat. 

The  amount  of  humus  is  now  less  in  the  limed  than  in  the  unlimed 
plats. 

The  amount  of  free  humus  is  likewise  less  in  the  limed  plats. 

A  smaller  part  of  the  humus  is  present  as  free  humus  in  the  limed 
plats. 

The  loss  by  igniting  the  oven-dry  soil  was  somewhat  less  from  the 
samples  of  the  limed  plats  than  from  the  unlimed  ones. 

The  total  nitrogen  in  the  limed  plat  to  which  nitrate  of  soda  is 
applied  is  less  than  the  amount  common  to  the  other  three  plats. 

In  the  case  of  the  unlimed  plats  the  one  to  which  sulfate  of  ammo- 
nia has  been  added  would  require  much  more  lime  to  neutralize  it, 
according  to  the  lime-water  test,  than  the  one  which  has  received 
nitrate  of  soda.  Upon  the  same  basis,  no  further  application  of 
lime  would  be  required  for  the  limed  plat  to  which  nitrate  of  soda 
has  been  added,  although  the  limed  plat  receiving  sulfate  of  ammonia 
is  still  somewhat  acid. 

Most  of  the  ash  left  upon  destroying  the  separated  humus  and 
free  humus  by  ignition  is  composed  of  iron  and  aluminum  ox  ids, 
phosphoric  acid,  and  silica. 

In  the  case  of  the  ash  remaining  from  the  free  humus,  that  from 
the  limed  soils  contained  larger  percentages  of  phosphoric  acid  and 
smaller  percentages  of  silica  than  that  from  the  unlimed  soils. 

Surprisingly  large  amounts  of  iron  were  found  in  the  ash  left  from 
the  ignition  of  the  humus  and  free  humus.  The  iron  in  the  ammo- 
niacal  solutions  of  humus  could  not  be  thrown  out  by  certain  of  the 
ordinary  precipitants. 

An  artificial  product  made  by  precipitating  the  humus  from  an 
ammoniacal  extract  of  leaf  mould,  by  means  of  ferrous  chloride 
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contained  in  its  oven-dry  condition  11  per  cent,  of  ash,  of  which  83 
per  cent,  was  ferric  oxid;  the  remainder  being  phosphoric  acid  and 
silica. 

If  a  satisfactory  method  were  available  for  determining  the  state  of 
oxidation  of  the  iron  associated  with  the  organic  matter  of  soils,  it 
is  not  improbable  that,  where  the  productiveness  of  a  soil  is  markedly 
increased  by  liming,  the  amount  of  iron  in  the  ferrous  condition 
would  be  found  to  have  been  decreased. 
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THE  PHOSPHORIC  ACID  REMOVED  BY  CROPS,  BY  DI- 
LUTE NITRIC  ACID  AND  BY  AMMONIUM  HY- 
DROXID  FROM  A  UMED  AND  UNUMED  SOIL 
RECEIVING  VARIOUS  PHOSPHATES** 


B.    L.    HARTWELL  AND   J.    W.    KELLOGG.f 


General  Plan  of  the  Field  Experiment. 

The  experiment  which  rendered  advisable  the  work  herein  recorded 
was  begun  at  this  Station  in  1894,  to  determine  the  comparative 
manurial  value  of  a  number  of  different  phosphatic  materials.  Some 
of  the  crop  results  have  been  reported,  from  time  to  time,  in  the 
publications  of  this  Station,  by  the  different  persons  having  the 
experiment  in  charge.}  The  experiment  comprises  twenty  two- 
fifteenth-acre  plats,  all  of  which  have  received  annually  liberal 
amounts  of  potash  and  nitrogen.  The  plats  are  grouped  in  pairs, 
one  plat  of  each  pair  having  received  air-slaked  lime  and  the  other 
having  received  none.  One  pair  has  received  no  phosphatic  manure 
since  the  experiment  was  begun;  while  the  remaining  pairs  have  each 
received  a  different  phosphatic  manure. 

During  the  first  years  of  the  experiment  an  equal  money  value 
of  the  different  phosphatic  manures  was  applied  to  all  of  the  plats; 
but  later  applications  were  made  in  such  amounts  that  the  total 

*  To  be  presented  in  abstract  at  the  annual  convention  of  the  Association  of  Official  Agri- 
mltaral  Cbemista,  to  be  held  in  Washington.  D.  C,  in  November.  1905. 

tThe  authors  are  indebted  to  Dr.  H.  J.  Wheeler  for  many  kindly  criticisms  of  the  manu* 
script. 

tSee  Ann.  Rpt.  R.  I.  Agr.  Expt.  Sta.,  1894,  p.  122;  Ann.  Rot..  1896,  p.  227;  Ann.  Rapt... 
1807.  p.  394.  and  BuIL  58.  1899 
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quantity  of  phosphoric  acid  applied  to  each  of  the  phosphate  plats 
from  the  beginning  of  the  experiment  was  the  same.  It  was  thought 
when  the  spring  application  of  1899  had  been  made  that  this  equaliza- 
tion of  the  amount  of  phosphoric  acid  received  by  each  plat  had 
been  accompUshed,  but  an  error  was  subsequently  discovered  which 
made  it  necessary  to  apply  more  phosphoric  acid  to  certain  plats, 
so  that  it  was  not  until  the  application  was  made  in  the  spring  of 
1902  that  each  of  the  phosphate  plats  had  really  received,  since 
the  beginning  of  the  trial,  the  same  amount  of  phosphoric  acid, 
namely,  98.48  pounds,  regardless  of  its  form.  No  phosphatic  manures 
have  been  applied  since  to  any  of  the  plats. 

The  Soil  Samples. 

In  the  spring  of  1903,  a  year  having  elapsed  since  any  of  the  plats 
had  received  phosphoric  acid,  it  was  thought  advisable  to  collect 
samples  of  the  soil  for  certain  chemical  work  designed  to  aid  in  a 
study  of  the  effects  upon  the  soil  of  the  various  applications.  Ac- 
cordingly, in  the  latter  part  of  June  samples  of  the  soil  of  each  plat 
were  taken.  Of  the  many  crops  which  had  been  planted  across  the 
plats  the  garden  peas  and  oats  were  the  only  oneis  which  had  made 
any  considerable  growth,  and  had  begun  to  feed  upon  the  soil  to  any 
great  extent. 

Borings,  approximately  eight  inches  deep,  which  extended  to  the 
subsoil,  were  made  at  twenty-six  different  places  in  each  plat,  care 
being  taken  to  make  the  borings  at  the  same  relative  places  so  that 
any  influence  exerted  upon  the  soil  by  the  various  plants  which  had 
at  times  been  grown  across  the  plats  would  be  shared  as  equally  as 
possible  by  all  of  the  samples.  The  soil  secured  by  the  various 
borings  from  a  given  plat  was  air-dried  and  mixed,  and  a  portion 
of  the  same  which  passed  a  two-millimeter  sieve  was  used  for  all 
of  the  determinations  recorded  in  this  article.  While  the  area 
devoted  to  the  experiment  is  in  general  very  level,  there  are  individual 
plats  which  have  at  some  time  been  slightly  affected  by  washing, 
resulting  in  a  greater  or  lesvser  proportion  of  fine  gravel.     There  was 


Digitized  by  VjOOQIC 


Ascertaining  Phosphoric  Acid  Deficiencies.  255 

very  little  of  this  gravel  which  was  too  coarse  to  pass  a  three-milli- 
meter sieve.  The  amounts  of  material  too  coarse  to  pass  a  sieve 
with  two-millimeter  holes,  which  was  used  in  preparing  the  samples 
for  analysis,  is  given  below  for  the  various  plats. 

Plat  No.  51.     53.    55.    57.     59.    61.    63.    65.    67.  69* 

Per  cent,  of  gravel 7545654643 

Plat  No.  52.     54.    5e.    58.     60.    62.    64.    66.   68.  70» 

Percent,  of  gravel 11      5665659     13     8 

Character  of  the  Soil. 

The  soil*  upon  which  the  experiment  is  conducted  is  composed 
of  glacial  drift  of  granitic  origin.  It  is  underlaid  by  yellow  silt  loam 
resting  upon  alternating  layers  of  gravel,  sand,  and  silt,  which  furnish 
good  natural  drainage.  The  water  table  is  from  ten  to  fifteen  feet 
below  the  surface.  Hot  hydrochloric  acid  of  1.115  specific  gravity 
dissolves  approximately  4.5  per  cent,  of  aluminic  oxid,  3.5  per  cent, 
of  ferric  oxid,  0.6  per  cent,  of  calcium  oxid,  and  0.15  per  cent,  of 
phosphoric  acid.  Only  about  0.02  per  cent,  of  calcium  oxid  was 
extracted  by  carbonated  water.  It  contains  from  three  to  four 
per  cent,  of  humus,  of  which  considerable  may  be  dissolved  directly 
by  ammonium  hydroxid  without  previous  extraction  with  dilute 
acid.  The  soil  reacts  strongly  acid  to  litmus  paper  and  fails  to  pro- 
duce satisfactory  yields,  in  the  case  of  many  crops,  without  an  addi- 
tion of  lime  or  other  alkaline  materials. 

Comparative  Yields  from  the  Various  Pi^ts. 

The  relative  yields,  in  a  green  state,  of  certain  of  the  crops  grown 
across  the  plats  in  1903,  one  year  after  the  last  application  of  phos- 
phoric acid,  are  given  below.  Those  crops  are  selected,  from  the 
various  ones  planted  in  that  year,  because  they  f!:row  fairly  well,  even 
upon  the  unlimed  plats,  and  because  they  will  be  referred  to  later 
in  connection  with  their  phosphoric  acid  content. 


*  Classified  aa  Bfiami  Silt  Loam,  by  the  Bureau  of  Soils,  U.  S.  Dept.  of  Agr. 
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The  turnip  crop,  which  will  be  considered  later,  made  but  a  com- 
paratively poor  growth  upon  the  unlimed  series  of  plats. 

Jtelative  Yields  in  1903  from  the  Different  Plats,  Compared  with  that  of  the  Unlimed 
Check  Plat  Taken  ae  1.0. 


Kind  of  Phosphate. 


Golden 
German  Millet. 


Unlimed.    Limed< 


Japanese  Barn- 
yard Grass. 
(Panicum  Crue- 
smUi.) 


Unlimed. 


Limed. 


Oats. 


Unlimed. 


Dissolved  bone-black 

Dissolved  bone 

Dissolved  phosphate  rock 

Finely  ground  bone 

•Slag  meal  (Thomas  phos- 
phate)   

Floats  (undissolved  phos- 
phate rock) 

Raw  Redonda  phosphate 

Roasted  Redonda  phosphate. 

No  phosphate 

Double  superphosphate 


2.9 
2.9 
3.0 
3.1 

2.8 

2.9 
2.2 
2.4 
1.0 
1.6 


3.2 
3.5 
2.8 
3.3 

3.0 

3.3 
2.6 
3.2 
2.5 
3.2 


3.0 
4.6 
4.0 
3.9 

3.7 

3.4 
2.8 
3.0 
1.0 
1.1 


4.0 
4.5 
4.6 
4.3 

4.0 

3.6 
3.5 
4.2 
2.6 
3.9 


3.4 
4.3 
4.4 
4.4 

4.5 

3.2 
2.1 
1.9 
1.0 
1.8 


3.8 
4.6 
4.5 

4.8 

4.5 

4.1 
2.9 
4.2 
2.6 
4.2 


No  attempt  should  be  made  to  draw  conclusions  from  the  above 
results,  except  in  a  very  general  way,  as  to  the  comparative  value 
of  the  different  phosphates,  even  for  the  crops  mentioned  here; 
for  only  from  eight  to  sixteen  rows,  twenty-four  feet  long,  were 
grown  in  each  case. 

It  would  be  necessary  to  compare  results  of  more  than  one  season 
and  to  study  slight  physical  inequalities  in  the  plats  before  one 
would  be  in  a  position  to  consider  the  comparative  merits  of  those 
phosphates  which  are  of  approximately  the  same  crop-producing 
value.  For  the  purposes  of  this  article,  detailed  consideration  of 
the  individual  plats  is  unnecessary,  as  attention  will  be  more  largely 
directed  to  certain  groups  of  plats  which  show  quite  different 
degrees  of  productiveness. 
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The  Relative  Actdity  op  the  Different  Plats. 

It  may  be  seen  from  the  preceding  table  of  relative  yields  that 
the  crops  were  nearly  always  larger  upon  the  limed  plats,  even 
though  the  plants  considered  grew  quite  well  upon  the  unlimed  soil,, 
as  compared  with  certain  others  which  were  tested.  It  seemed,, 
therefore,  that  determinations  of  the  acidity  of  the  several  plats 
might  throw  light  upon  the  question  as  to  which  kind  of  phosphate 
is  the  most  assimilable,  since  differences  in  the  acidity  of  the  soil,, 
resulting  from  the  varying  effects  of  long-continued  applications 
of  the  different  phosphates,  might  exert  as  great  an  influence  upon 
the  growth  of  some  plants  as  the  differences  in  the  assimilability 
of  the  phosphorus  in  certain  phosphates. 

The  acidity  of  the  soil  of  the  different  pl^ts  was  determined  by 
the  lime-water  method,*  which  consists  in  brief  of  adding  a  certain 
amount  of  water  and  of  a  standard  lime-water  to  the  soil,  and 
evaporating  to  dr3mes8  over  a  water-bath.  The  residue  is  then 
transferred  with  lOOc.c.  of  water  to  a  flask,  shaken  frequently, 
allowed  to  subside  over  night,  and  50  c.c.  of  the  supernatant  liquid 
evaporated  with  phenolphthalein.  According  to  whether  the  pink 
color  does  or  does  not  appear  before  a  volume  of  5  c.c.  has  been 
reached,  the  analyst  knows  if  too  much  or  too  little  lime-water  has 
been  added  to  produce  neutraUty,  and  is  guided  thereby  in  succeeding 
attempts  to  secure  neutraUzation  with  different  amounts  of  lime- 
water.  It  was  found  that  variations  in  the  shaking  and  time  of 
standing  had  considerable  influence  upon  the  results,  and  the  details 
were  therefore  kept  uniform  in  this  work. 

*V«itflh:  Jour.  Amcr.  Chan.  Soe.  26»  (1904).  061. 
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Amount  of  Calcium  Oxid  Required  to  Neutralize  the  Acidity  of  the  Air-dry  Soil 
Which  had  Parsed  a  2  m.m.  Sieve, 


Kind  of  Phosphatk. 


Dissolved  bone-black 

Dissolved  bone 

Dissolved  phosphate  rock 

Finely  ground  bone 

Slag  meal 

Floats 

Raw  Redonda  phosphate  — 
Roasted  Redonda  phosphate. 

No  phosphate 

Double  superphosphate 


Unijmbd. 


put. 


52 
54 
56 
58 
60 
62 
64 
66 
68 
70 


Calcium  oxid 
required  to 
neutraliie. 


% 
0.17 

0.20 

0.20 

0.15 

0.11 

0.17 

0.16 

0.18 

0.19 

0.24 


Limed. 


Pl»t. 

Calcium  oxid 
required  to 
neutralise. 

51 

% 
0.09 

53 

0.15 

55 

0.16 

57 

0.13 

59 

0.08 

61 

0.12 

63 

0.08 

65 

0.17 

67 

0.12 

0.19 


The  limed  plats  received  air-slaked  lime  at  the  rate  of  one  ton 
per  acre  in  1894,  and  a  second  ton  April  28,  1903.  When  the  soil 
samples  were  taken,  two  months  later,  there  were  small  particles  of 
the  lime  which  had  become  carbonated  and  which  were  easily 
visible.  Apparently  there  were  no  particles  too  small  to  be  so  dis- 
cerned, for  examination  under  the  microscope  revealed  no  efferves- 
cence with  hydrochloric  acid  treatment  unless  particles  visible  to 
the  unaided  eye  were  present.  These  particles  were  easily  broken 
up  and  must  be  considered  quite  assimilable,  for  upon  other  plats 
of  similar  soil,  which  were  examined  two  years  after  liming,  no  such 
particles  were  present.  It  is  evident,  therefore,  that  a  method 
which  shall  determine  the  additional  amount  of  lime  required  to 
complete  the  neutralization  of  a  recently  limed  soil,  such  as  repre- 
sented by  the  samples  of  limed  soil  under  discussion,  should  account 
for  any  particles  of  carbonated  lime  which  may  be  present.  The 
lime-water  method  failed  to  do  this,  at  least  completely,  for  such 
particles  were  always  present  in  the  limed  samples  after  they  had 
been  subjected  to  this  method  for  determining  their  acidity. 
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This  explains  in  some  measure  why  there  was  not  a  greater  differ- 
ence in  acidity  between  the  plats  which  had  received  two  tons  of 
lime  and  the  corresponding  ones  to  which  no  air-slaked  lime  had  been 
added.* 

It  may  be  seen  by  reference  to  the  preceding  table  that  considerable 
difference  exists  in  some  cases  in  the  acidity  of  the  soil  of  the  dif- 
ferent plats  in  both  the  limed  and  unlimed  series.  The  plats  which 
receive  slag  meal,  for  example,  have  a  relatively  low  acidity,  while 
the  plats  fertilized  with  double  superphosphate  are  the  most  acid 
of  them  all.  It  is  certainly  evident  that  the  acidity  of  the  soil  of  the 
several  plats  is  one  of  the  factors  to  be  considered  before  intelligent 
comparisons  can  be  made  of  the  relative  assimilability  of  the  phos- 
phorus in  the  different  phosphates. 

The  Effect  of  the  Different  Phosphates  Upon  the  Phosphoric 
Acid  Content  of  the  Crops. 

In  order  to  throw  more  light  upon  the  question  as  tp  whether  the 
percentage  of  phosphoric  acid  in  the  crop  furnishes  indications  as 
to  the  assimilability  of  the  phosphorus  in  the  soil  upon  which  the 
crop  is  grown,  samples  of  a  number  of  the  crops  grown  across  the 
phosphate  plats  in  1903  were  taken  and  the  phosphoric  acid  deter- 
mined in  them. 

The  oats  were  sampled  July  27,  "in  the  milk."  As  may  be  seen 
by  reference  to  page  256,  the  oats  made  the  best  growth  upon  the 
limed  series  of  plats;  and  as  the  conditions  there  seemed  to  be  more 
congenial  it  was  thought  that  the  phosphoric  acid  determinations 
might  be  confined  to  the  limed  series.  The  relative  yields  as  com- 
pared with  the  unlimed  check  plat  taken  as  1  ranged  from  2.6  upon 
the  limed  check  plat  to  4.8  upon  the  limed  plat  receiving  finely 
ground  bone,  and  indicate  a  very  marked  difference  in  the  assimi- 
lability of  the  phosphorus  of  the  different  phosphates  in  the  limed 

*Axi  application  of  two  tons  per  acre  of  air-slaked  lime  containing  75  per  cent,  of  calcium 
oxid,  18  theoretically  equivalent  to  0.13  per  cent,  of  the  soil,  accepting,  arbitrarily,  two  and 
one-third  million  pounds  as  the  weight  of  the  air-dry  soil  per  eight-inch  acre. 
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series  under  consideration.  The  following  determinations  of  phos- 
phoric acid  will  show  to  what  extent  this  difference  conforms  to  the 
analysis  of  the  crop. 


Percentage  of  Phosporic  Acid  in  the  Dry  Matter  of  Oats  Cut  'Hn  the  MUk,"  1903. 


Plat. 
{LifMd). 


51 
53 
55 
57 
59 
61 
63 
65 
67 
69 


Kind  of  Phosphatb  addbd  to  thb  Soil. 


Phosphorio 
Acid. 


Dissolved  bone-black 

Dissolved  bone 

Dissolved  phosphate  rock — 

Finely  ground  bone 

Slag  meal 

Floats 

Raw  Redonda  phosphate. . . . 
Roasted  Redonda  phosphate. 

No  phosphate 

Double  superphosphate 


0.549 
0.633 
0.518 
0.590 
0.560 
0.518 
0.462 
0.606 
0.502 
0.540 


The  largest  crops  of  oats,  namely,  those  from  the  plat  receiving 
dissolved  bone  and  from  the  one  receiving  finely  ground  bone, 
contained  high  percentages  of  phosphoric  acid,  namely,  0.633  and 
0.590,  respectively  while  the  smallest  crops,  those  from  the  check 
plat  and  from  the  plat  receiving  raw  Redonda  phosphate,  contained 
only  0.502  and  0.462  per  cent.,  respectively.  The  yields  of  oats 
in  1904,  also,  were  much  the  smallest  from  the  last-mentioned  two 
plats,  while  the  greatest  yield  was  upon  the  plat  supplied  with 
dissolved  bone,  which  in  the  preceding  year  produced  a  large  crop 
containing  the  highest  per  cent,  of  phosphoric  acid  of  all.  On  the 
other  hand,  the  plat  to  which  dissolved  phosphate  rock  had  been 
applied  yielded  much  larger  crops  of  oats,  both  in  1903  and  1904, 
than  the  plat  which  had  received  roasted  Redonda  phosphate, 
although  the  per  cent,  of  phosphoric  acid  in  the  oats  in  1903  from 
the  former  plat  was  only  0.518  as  compared  with  0.606  from  the 
latter.  This  resulted  in  the  actual  removal  by  the  crop  of  a  greater 
amount  of  phosphoric  acid  per  acre  in  the  case  of  the  smaller  crop* 


Digitized  by  VjOOQIC 


ASCERTAININQ   PHOSPHORIC  AciD   DsFiaENCIES. 


261 


SPercentaffe  of  Phosphoric  Acid  in  the  Dry  MaUer  of  Japanese  Bam-yard  Grass 

{Panicumcrus-gallC)  cut  just  Before  the  Plants  were 

Ready  to  Drop  Their  Seeds,  1903. 


put. 


Kind  of  Phosphatb  addbd  to  thk  Soil. 


Phosphoric 
Add. 


59 
61 
63 
65 
67 


Slag  meal 

Floats 

Raw  Hedonda  phosphate.  . . 
Roasted  Redonda  phosphate. 
No  phosphate 


0.384 
0.354 
0.310 
0.360 
0.328 


With  this  plant,  as  with  the  oats,  the  smallest  yields  and  the 
smallest  percentages  of  phosphoric  acid  in  the  crops  are  in  the  cases 
of  the  check  plat  and  the  one  receiving  raw  Redonda  phosphate. 
The  percentages  of  phosphoric  acid  in  the  crops  from  the  other 
three  plats  here  mentioned,  however,  do  not  differ  in  the  same 
direction  with  the  relative  yields  as  given  on  page  266;  for  example, 
the  largest  yield  from  the  five  plats  was  from  the  one  which  had 
Teceived  roasted  Redonda  phosphate,  although  the  crop  from  this 
plat  did  not  contain  the  greatest  percentage  of  phosphoric  acid. 

Peresntage  of  Phosphoric  Acid  in  the  Dry  Matter  of  German  Golden  Millet  cut  When 
tJie  Seeds  were  Farmed,  but  Still  Green,  1903. 


Plat. 


Knn>  OF  Phosphatb  addbd  to  thb  Soil. 


Pho!>phorio 
Acid. 


59 
^61 
•63 
65 
67 


Slag  meal 

Floats 

Raw  Redonda  phosphate.  . . 
Roasted  Redonda  phosphate, 
No  phosphate 


0.411 
0.335 
0.244 
0.355 
0.306 


The  order  of  the  plats  upon  which  the  crops  with  increasing  phos- 
phoric acid  content  occur  is  the  same  with  the  millet  as  with  the 
panicum  crus-galli.    The  order  of  the  yields  upon  the  best  three 
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plats,  however,  is  different  for  the  two  crops.  Upon  these  three 
plats  the  percentage  of  phosphoric  acid  in  the  millet  decreased  with 
the  increast  of  crop. 

Relative  Yields  in  1903  of  Purple-Top,  Strap-Leaf ,  Turnip  Plants  From  the  Dif- 
ferent Plats  J  Compared  with  thai  of  the  Limed  Check 
Plat  Taken  as  1.0. 


Plat. 


Kind  of  Phobphatb. 


Relative  jrields  of  green 

material  compared  with 

Plat  67  as  1.0. 


RooU. 


Top: 


51 
53 
55 
57 
59 
61 
63 
65 
67 


Dissolved  bone-black 

Dissolved  bone 

Dissolved  phosphate  rock . . . 

Finely  ground  bone 

Slag  meal 

Floats 

Raw  Redonda  phosphate. . . 
Roasted  Redonda  phosphate 

No  phosphate 

Double  superphosphate 


16.7 

25.4 

22.4 

27.0 

17.2 

8.2 

1.7 

7.8 

1.0 

22.5 


11.7 

13.8 

13.1 

15.2 

12.0 

7.2 

1.& 

5.4 

1.0 

12.6 


It  is  evident  from  the  relative  yields  given  above  that  this  kind  of 
turnip  is  much  more  dependent  upon  readily  assimilable  phosphorus 
than  the  crops  which  have  been  heretofore  considered;  for  the  more 
available  phosphates  have  increased  the  yield  of  roots  more  than 
twenty  times  that  upon  the  check  plat,  and  the  yield  of  tops  more 
than  twelve  times.  In  the  cases  of  the  millet,  oats,  and  panicum, 
however,  the  yields  upon  the  corresponding  limed  plats  were  in  no 
case  double  those  upon  the  limed  check  plat.  It  seemed  reasonable^ 
therefore,  that  there  would  be  greater  variations  in  the  phosphoric 
acid  content  of  turnips  than  of  the  other  crops  which  have  been  con- 
sidered, and  determinations  of  the  same  which  appear  below  were 
made  in  both  the  roots  and  the  tops. 
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PereerUage  of  Phosphoric  Acid  in  the  Dr^  Matter  of  th/t  Turnip  Roots  and  Top$, 
Sampled  at  the  Time  of  Harvesting. 


put. 
ilAwud.) 


Kind  of  Phosphatb  addbd  to  krs  Soil. 


Phosphorio  Add. 


RootM. 


Top: 


51 
53 
55 
57 
59 
61 
63 
65 
67 


Dissolved  bone-black 

Dissolved  bone 

Dissolved  phosphate  rock. . . 

Finely  ground  bone 

Slag  meal 

Floats 

Raw  Redonda  phosphate.  . . 
Roasted  Redonda  phosphate 

No  phosphate 

Double  superphosphate 


0.673 
0.837 
0.716 
0.866 
0.741 
0.526 
0.460 
0.446 
0.447 
0.650 


0.610 
0.726 
0.624 
0.833 
0.647 
0.471 
0.312 
0.350 
0.314 
0.585 


The  percentages  of  phosphoric  acid  in  both  the  roots  and  tops  in- 
crease in  practically  the  same  order  from  plat  to  plat,  so  that  a  con- 
sideration of  the  percentages  of  the  same  in  the  tops  will  serve  also 
for  the  roots.  The  growth  upon  the  plat  to  which  raw  Redonda 
phosphate  had  been  added  and  upon  the  check  plat  was  extremely 
poor,  due  to  lack  of  assimilable  phosphoric  acid,  and  the  percentage 
of  phosphoric  acid  in  the  same  is  only  about  0.31.  The  plats  which 
had  received  roasted  Redonda  phosphate  and  floats  yielded  only 
very  moderate-sized  crops,  although  much  larger  than  the  two  plats 
mentioned  above.  The  crop  from  the  floats  was  a  trifle  the  greater, 
and  the  percentage  of  phosphoric  acid  in  the  tops,  0.471,  represents 
a  considerable  increase  over  that  in  the  tops  from  the  poorest  two 
plats.  While  there  is  a  marked  increase  in  the  percentage  of  phos- 
phoric acid  in  the  crops  from  the  plats  producing  the  larger  yields, 
yet  the  )delds  and  the  amounts  of  phosphoric  acid  in  the  crops  do 
not  increase  strictly  in  the  same  relative  order  from  plat  to  plat. 
The  largest  two  crops,  however,  those  from  finely  ground  bone  and 
dissolved  bone,  contained  noticeably  more  phosphoric  acid  than  any 
of  the  others,  namely,  0.833  and  0.726  per  cent.,  respectively. 
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The  range  in  the  percentage  of  phosphoric  acid  is  from  0.31  to  0.83: 
in  the  tops  and  from  0.45  to  0.87  in  the  roots,  and  is  very  striking  as 
compared,  for  example,  with  the  range  of  from  0.46  to  0.63  only  in- 
the  oats  grown  at  the  same  time  across  the  same  plats. 

Plants  similar  to  the  turnip,  having  a  poorly  developed  system  of 
feeding-roots,  and  being  very  dependent  upon  having  their  phos- 
phoric acid  in  a  readily  assimilable  form,  and,  furthermore,  containing 
a  large  amount  of  sap  and  a  correspondingly  large  percentage  of  ash 
in  the  dry  matter,  are  apparently  more  suitable  for  furnishing  indica- 
cations,  from  their  analysis,  of  the  amount  of  readily  available  phos- 
phorus in  the  soil,  than  plants  similar  to  the  oat  in  feeding  power.. 
The  observations  made  by  A.  D.  Hall*  upon  the  Rothamsted  experi- 
ments are  of  a  similar  nature,  the  root  crops  having  been  found  to- 
be  very  sensitive  to  a  lack  of  mineral  plant  foods  in  the  soil,  while- 
cereals  were  comparatively  indiflferent.  He  states  that  "  the  phos- 
phoric acid  requirements  are  well  indicated  by  the  composition  of 
the  ash  of  unmanured  swedes." 

The  phosphate  plats  are  now  in  grass  for  the  purpose  of  introducing, 
fresh  organic  matter;  but  it  is  hoped  that  they  may  be  again  devoted, 
to  miscellaneous  crops  in  a  few  years,  so  that  work  may  be  under- 
taken, with  the  turnip,  sinular  to  that  which  appears  so  promising: 
from  a  single  year's  experience. 

The  Effect  of  Lime  Upon  the  Assimilability  op  Soil  Phosphorus^ 

The  crops  herein  considered  have  been  larger,  almost  without  ex- 
ception, upon  the  Umed  plats  than  upon  the  corresponding  unlimed 
ones,  the  turnips  even  failing  to  make  a  satisfactory  growth  upon  the^ 
unlimed  plats.  According  to  the  lime-water  method  the  applica- 
tions of  lime  have  reduced  the  acidity  of  the  soil  to  some  extent  (see 
page  258).  Numerous  experiments  at  this  Station  upon  soil  of  the 
same  general  character  as  that  under  discussion  have  shown  that 
most  agricultural  plants  produce  larger  crops  when  airnslaked  lime- 
or  other  alkaline  material  has  been  applied,  even  though  liberal 

*  Jour.  AST.  Sd.  I.  66  (1005). 
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amounts  of  phosphoric  acid  and  other  plant  foods,  in  assimilable  forms, 
have  been  added. 

It  is  important  to  consider  in  this  connection,  apart  from  the  phys- 
ical effect,  whether  the  increased  growth  upon  the  Umed  series  of 
plats  is  due  mainly  to  a  reduction  in  the  acidity  of  the  soil  or  in  a 
considerable  part  to  an  increased  development  of  assimilable  phos- 
phorus. If  the  appUcation  of  air-slaked  lime  has  no  effect  upon  the 
supply  of  available  phosphorus,  but  simply  renders  the  reaction  of 
the  soil  more  suitable  for  the  growth  of  certain  plants,  then  the  yield 
upon  the  slag-meal  plat,  for  example,  might  be  relatively  larger,  on 
account  of  the  basic  action  of  this  material,  than  if  the  amount  of 
assimilable  phosphorus  it  contained  was  the  only  influencing  factor; 
and  the  percentage  of  phosphoric  acid  in  the  crop  might  be  corre- 
spondingly smaller.  On  the  other  hand,  if  a  reduction  of  the  acidity 
of  the  soil  renders  the  phosphorus  of  the  soil  more  assimilable,  then 
the  percentage  of  phosphoric  acid  in  the  crop  from  the  less  acid  plats, 
other  things  being  equal,  might  be  increased. 

Certain  results  follow  which  indicate  that  the  lime  may  tend  to 
increase,  in  some  cases,  the  amount  of  available  phosphorus.  The 
crop  of  turnip  roots  from  the  limed  plat  which  had  received  finely 
ground  bone  was  62  per  cent,  greater  than  from  the  corresponding 
unlhned  plat,  and  the  per  cent,  of  phosphoric  acid  in  the  dry  matter 
of  the  roots  was  0.866  from  the  limed  plat  and  0.804  from  the  unlimed 
one.  Again,  the  increase  in  the  crop  of  turnip  roots  from  the  limed 
plat  to  which  slag  meal  had  been  added  was  34  per  cent,  as  compared 
with  the  unUmed  plat,  and  the  phosphoric  acid  in  the  dry  mat- 
ter of  the  roots  was  0.741  per  cent,  from  the  limed  plat  and  0.708 
per  cent,  from  the  unlimed  one.  These  increases  in  the  percentage 
of  phosphoric  acid  in  the  turnip  roots  grown  upon  the  limed  plats 
furnish  some  evidence  that  more  of  the  phosphorus  in  these  plats 
was  assimilable. 

In  order  to  secure  a  hint  as  to  the  action  of  lime  upon  the  phos- 
phorus of  the  soil  of  the  Station  plain,  a  sample  was  taken  from  plats 
contiguous  to  those  upon  which  the  phosphate  experiment  is  con- 
is 
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ducted;  this  was  air-dried  for  a  few  dayB  and  sifted  through  a  milli- 
meter sieve.  The  soil  then  required,  according  to  the  lime-water 
method,  0.20  per  cent,  of  calcium  oxid  to  neutraUze  it.  Four  66-gram 
portions  were  weighed  out;  to  one  portion  nothing  was  added;  to 
the  second  0.7429  gram  of  hydrated  Ume  was  added  (about  10  tons 
per  acre) ;  to  the  third,  0.1486  gram  of  c.  p.  sodium  nitrate  and  0.1486 
gram  of  c.  p.  potassium  sulfate  (about  2  tons  each  per  acre) ;  and  to 
the  fourth,  0.7429  gram  of  hydrated  lime  in  addition  to  the  same 
amount  of  sodium  nitrate  and  potassium  sulfate  as  was  added  to  the 
third  portion.  After  thorough  mixing,  each  portion  was  placed  upon 
a  double  filter  in  a  funnel,  covered  with  a  piece  of  filter  paper  to  pre- 
vent puddUng,  and  leached  at  the  same  time  as  the  others  with  20 
c.  c.  portions  of  distilled  water  until  250  c.  c.  of  extract  was  obtained. 
The  leaching  was  done  during  the  business  hours  between  the  middle 
of  the  afternoon  and  noon  of  the  following  day.  The  extracts  were 
perfectly  clear.  They  were  evaporated  in  porcelain  dishes  and  the 
residues  ignited.  Upon  ignition  of  the  residues  there  was  considera- 
ble evidence  of  organic  matter  in  the  cases  of  the  limed  portions. 
The  acid  extracts  from  the  four  residues  were  tested  with  molybdic 
mixture  in  the  usual  manner,  the  volumes  being  equal  in  all  cases, 
so  that  the  amounts  of  phosphoric  acid  from  the  original  portions 
to  which  lime  was  added  could  be  compared  with  those  from  the  por- 
tions to  which  no  Ume  was  added  without  the  necessity  of  making 
quantitative  determinations  of  such  small  amoimts.  The  relative 
amounts  of  anmioniui^  phosphomolybdate,  as  indicated  by  color 
and  precipitate,  left  no  doubt  about  there  being  more  phosphoric 
acid  in  the  extracts  from  the  portions  to  which  the  hydrated  lime 
had  been  added  than  in  the  others.  This  difference  was  quite 
marked,  both  in  the  comparison  upon  the  natural  soil  and  when 
sodium  nitrate  and  potassium  sulfate  had  been  added.  The  trial 
was  carried  through  again  subsequently  with  the  same  results.  A 
blank  determination  was  made  with  the  sodium  nitrate,  potassium' 
sulfate,  and  hydrated  lime,  but  no  phosphoric  acid  was  obtained. 
The  above  results  suggest  that  some  of  the  benefit  derived  from 
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liming  the  Station  soil  is  probably  due  to  the  liberation  of  an  increased 
amount  of  phosphorus  whenever  there  may  be  a  lack  of  the  same; 
and  that  a  consideration  of  the  availabiUty  of  phosphorus  in  dif- 
ferent phosphates,  and  of  the  percentage  of  the  same  in  the  crops, 
should  be  accompanied  with  a  recognition  of  the  varying  effects  of 
different  phosphates  upon  the  reaction  of  the  soil. 

The  Eppect  op  the  Nitrogen  Associated  With  Bone  Phosphates. 

It  may  be  seen  by  reference  to  pages  260  and  263  that  the  percent- 
ages of  phosphoric  acid  in  the  crops  from  the  plat  which  had  received 
dissolved  bone  and  from  the  one  to  which  finely  ground  bone  was 
added  in  the  cases  of  the  two  crops  analyzed,  namely,  oats  and  tur- 
nips, were  greater,  with  one  exception,  than  upon  any  other  plats;  the 
highest  yields  also  were  from  these  plats.  Such  a  Uberal  amount  of 
nitrate  of  soda  was  added  annually  to  all  of  the  plats  that  no  de- 
duction was  made  for  the  additional  amount  of  nitrogen  contained 
in  the  dissolved  bone  and  finely  ground  bone.  In  view,  however, 
of  the  large  yields  from  these  plats,  nitrogen  determinations  were 
made  in  the  turnip  roots  and  tops  from  the  same,  and  also  from  con- 
tiguous plats  whose  source  of  phosphorus  contained  no  nitrogen. 
K&d  more  nitrogen  been  found  in  the  crops  fertilized  with  the  phos- 
phates which  had  nitrogen  accompan3dng  them,  namely,  the  bones, 
a  hint  would  have  been  obtained  that  possibly  the  extra  nitrogen 
played  an  important  part,  as  plant  food,  in  the  production  of  the 
greater  crops.  Instead  of  there  being  more  nitrogen,  however,  there 
was  generally  less,  as  shown  below. 

Pereeniage  of  Nitrogen  in  the  Dry  Matter  of  the  Turnip  Roots  and  Tops. 


Plat. 
(JLimtd.) 


I 
Kind  of  Phosphate  addbd  to  Soil.  I  Roots.     Tops. 


53 
55 
57 
59 


Dissolved  bone 

Dissolved  phosphate  rock. 

Finely  ground  bone 

Slag  meal 


2.14  3.39 

2.20  3.72 

2.51  3.70 

2.85  4.06 
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The  Phosphorus  Associated  With  the  Organic  Matter  of  the 

Soil. 

The  field  experiment  under  consideration  furnished  an  excep- 
tionally good  opportunity  for  studying  the  solubility,  in  different 
solutions,  of  the  phosphorus  in  the  various  plats,  to  ascertain  if  the 
amounts  dissolved  indicated  to  any  extent  the  relative  productive- 
ness of  the  plats. 

A  large  part  of  the  phosphorus  in  the  soil  where  the  experiment 
was  conducted  is  associated  with  the  humus.  The  total  phosphoric 
acid  was  determined  in  soil  from  four  different  experimental  plats 
upon  the  plain  (Nos.  23, 25, 27  and  29),  after  igniting  the  soil  to  render 
any  phosphorus,  which  might  be  associated  with  the  humus,  soluble 
in  acid  and  then  digesting  in  strong  hydrochloric  acid.  The  insoluble 
silicious  material  was  treated  with  sulfuric  and  hydrofluoric  acids  to 
volatilize  the  silica,  and  the  residue  dissolved  in  strong  hydrochloric 
acid  so  that  any  phosphorus  which  might  have  formed  insoluble 
combinations  with  the  silicious  material  could  be  i^^cluded  with  that 
from  the  first  extraction.  The  average  of  the  four  determinations 
was  0.26  per  cent,  of  phosphoric  acid.  Had  the  solutions  been  pre- 
pared by  the  usual  digestion  in  hydrochloric  acid  of  1.115  specific 
gravity,  without  previous  ignition,  this  amount  would  undoubtedly 
have  been  considerably  less;  for  it  has  been  repeatedly  shown  that, 
in  soils  having  a  large  proportion  of  their  phosphorus  in  organic  com- 
binations, a  considerable  amount  fails  to  be  obtained  by  simply 
digesting  in  hydrochloric  acid.  The  phosphoric  acid  which  was 
associated  with  the  total  humus  of  the  same  samples  averaged  0.13 
per  cent.,  or  one-half  of  the  total  amount  in  the  soil. 

Snyder  says*  "  humic  phosphoric  acid  is  *  *  *  one  of  the  most 
valuable  forms  of  available  phosphoric  acid,"  and  it  certainly  seems 
reasonable  that  a  considerable  portion  of  the  assimilable  phosphorus  in 
certain  soils  is  developed  from  the  humates.  The  weak  acid  solutions, 
however,  which  have  been  found  in  many  instances  to  dissolve  from 

*  Bui.  53.  Minn.  Exp.  Sta.,  pace  32. 
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soils  amounts  of  phosphorus  bearing  similar  relations  to  the  productive- 
ness of  those  soils,  exert  practically  no  solvent  effect  upon  the  phos- 
phorus associated  with  the  humus.  Snyder,*  for  example,  digested 
a  soil  for  three  months  with  a  one  per  cent,  citric-acid  solution,  with- 
out decreasing  the  amounts  of  phosphorus  associated  with  the  humus 
and  with  the  precipitated  humus. 

The  greater  number  of  the  attempts  which  have  been  made  in  the 
past  to  determine  the  assimilable  mineral  ingredients  of  soils  have 
been  carried  out  with  solvents  which  had  Uttle  effect  upon  the  portions 
of  those  ingredients  which  are  combined  with  organic  matter  although 
much  evidence  has  been  obtained  that  some  relation  exists  between 
the  productiveness  of  certain  soils  and  the  mineral  ingredients  asso- 
ciated with  the  humus  which  are  brought  into  solution  by  alkaline 
solvents  attacking  the  organic  matter.  The  Hilgard  method  for  soil 
analysis  includes  the  determination  of  the  phosphoric  acid  in  the  ash 
of  the  humus,  and  it  is  reported  as  "soluble  phosphoric  acid."  Hil- 
gard sajrs,  "  a  very  striking  agreement  with  actual  practice  is  often 
found  in  making  this  determination." 

Hustonf,  after  working  with  an  ammonium  oxalate  solution  sup- 
plemented on  the  one  hand  by  ammonia  and  again  by  acid,  with 
•citric  acid  alkaline  and  neutral  ammonium  chlorid,  and  with  am- 
monia of  0.96  sp.  gr.  at  room  temperature,  decided  upon  the  latter 
as  giving  promising  results  in  connection  with  the  determination 
of  assimilable  phosphoric  acid,  and  stated  that  "the  results  clearly 
distinguished  the  lands  ppor  in  phosphoric  acid  from  those  known 
to  be  well  supplied  with  available  phosphoric  acid."  More  recently 
VeitchJ,  in  connection  with  the  use  of  ^g^  hydrochloric  acid,  remarks 
that  the  phosphorus  of  organic  matter  is  apparently  but  little  affected 
by  this  acid,. and  states:  "it  appears  desirable  to  study  the  solvent 
effect  of  more  concentrated  acids,  at  the  same  time  endeavoring  to 
reach  the  phosphorus  in  organic  combination." 


*Bul.  65,  Minn.  Exp.  Sta.,  pace  63. 

tBuL  No.  49.  Div.  of  Chem.  U.  S.  Dept.  of  A«r.,  (Proc.,  A.  O.  A.  C.  '96)  page  96. 

J  Bui.  No.  81.  Bur.  of  Chem.  U.  8.  Dept.  of  A«r.,  (Proc.  A.  O.  A.  C.  D3)  pa«e  138. 
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The  Relative  Amounts  of  Phosphorus  Extracted  by  Nitric 
Acid  and  by  Ammonium  Hydroxid. 

To  gain  some  idea  of  the  relative  amounts  of  phosphorus  in  the 
soils  in  question  which  are  soluble  in  dilute  acid  and  in  ammonium 
hydroxid,  a  few  preliminary  tests  were  made.  The  conditions  of 
digestion  were  uniform  in  all  of  the  work  recorded  in  the  succeeding: 
pages,  and  were  as  follows:  200  grams  of  the  air-dry  soil  which  had 
passed  a  two-millimeter  sieve  were  added  to  two  liters  of  the  solvent 
contained  in  a  two-and-one-half  liter,  glass-stoppered  bottle,  after 
the  temperature  of  the  solution  had  been  brought  to  40**  C.  by  im- 
mersion in  a  water-bath.  The  temperature  of  the  solution  was  main- 
tained at  ^rom  40**  to  44®  for  five  hours,  agitating  the  bottle  every 
half-hour  by  inverting  it  twelve  times.  The  solution  was  then  de- 
canted through  a  filter,  and  from  1,700  to  1,900  c.c.  of  the  clear  fil- 
trate evaporated  for  the  gravimetric  determinations.  The  silica 
which  had  been  rendered  insoluble  was  volatilized  with  hydrofluoric- 
acid  so  that  any  phosphorus  which  might  have  been  retained  by  it 
was  secured.  The  ammonium  phosphomolybdate  was  reprecipi- 
tated  to  secure  a  better  separation  from  the  iron  and  aluminum  in  the 
oases  of  digestion  with  acid. 

Samples  of  soil  from  four  of  the  limed  plats,  Nos.  55,  61, 63,  and  67,. 
were  digested  with  5  nitric  acid  and  the  percentages  of  phosphoric 
acid  in  the  extract  were,  respectively,  0.0140,  0.0160,  and  0.0144  for 
the  first  three,  the  average  being  0.0146.  The  foiirth  solution  was 
lost.  The  residues  from  the  above  extraction  were  washed  with  dis- 
tilled water  until  the  same  remained  neutral  and  then  digested  with 
;  ammonium  hydroxid.  The  percentages  of  phosphoric  acid  ob- 
tained by  this  extraction  were,  respectively,  0.0774,  0.0953,  0.0796,. 
and  0.0788,  or  an  average  of  0.0828.  That  is,  less  than  one-fifth  as 
much  phosphoric  acid  was  obtained  by  extracting  the  soil  with  f 
nitric  acid  as  was  obtained  by  a  subsequent  extraction  with  the  same 
strength  of  ammonium  hydroxid.  Determinations  with  ^  solutions 
were  made  upon  the  same  samples  in  the  same  manner  as  above. 


Digitized  by  VjOOQIC 


Ascertaining  Phosphoric  Actd  DEFiaBNCTBS.  271 

The  percentages  of  phosphoric  acid  dissolved  by  the  ^  nitric  acid 
were,  respectively,  0.0024,  0.0039,  0.0006  and  0.0017,  or  an  average 
of  0.0022;  and  the  subsequent  extraction  with  ^  ammonium  hy- 
droxid  gave,  respectively,  0.0312, 0.0394, 0.0254,  and  0.0310  per  cent, 
of  phosphoric  acid,  an  average  of  0.0315  per  cent.,  or  more  than  four- 
teen times  as  much  as  was  dissolved  by  the  preliminary  extraction 
with  the  acid.  These  results  indicate  that  dilute  alkaline  solutions 
dissolve  much  more  phosphorus  from  the  soils  in  question  than  dilute 
acid  of  the  same  strength. 

To  ascertain  the  action  of  dilute  ammonium  hydroxid  upon  the 
soil  not  previously  extracted  with  nitric  acid,  and  to  secure  some 
hints  as  to  the  most  desirable  strength  to  use  in  an  attempt  to  de- 
termine the  more  easily  attacked  phosphorus  associated  with  the 
organic  matter,  soil  from  plats  54  and  64  (unlimed)  were  digested 
directly  with  §  ammonium  hydroxid;  0.0395  and  0.0314  per  cent., 
respectively,  of.  phosphoric  acid  were  obtained.  These  amounts, 
while  differing  in  the  same  direction  as  the  relative  productiveness 
of  the  two  plats,  are  too  nearly  alike  to  be  of  service  in  this  connection, 
for  the  quantity  of  oats  produced  in  1903  was  about  twice  as  large 
upon  the  former  plat  as  upon  the  latter.  Furthermore,  the  per- 
centage of  phosphoric  acid  dissolved  was  too  great  to  be  considered 
as  representing  the  assimilable  portion.  Soils  from  two  plats,  Nos. 
56  and  68,  upon  which  the  relative  yields  of  oats  were  as  three  to  one 
in  1903,  were  next  digested  directly  with  a  weaker  solution  of  am- 
monium hydroxid,  ^,  with  the  result  that  0.0184  per  cent,  of  phos- 
phoric acid  was  extracted  from  the  former  and  0.0250  per  cent,  from 
the  latter,  or  in  reverse  order  to  the  )deld  of  oats.  Here  again  the 
amount  of  phosphoric  acid  dissolved  is  quite  large,  and  a  few  pre- 
liminary determinations  were  made,  using  .^Jij  ammonium  hydroxid, 
which  showed  sufficient  agreement  with  crop  results  to  warrant  other 
determinations  of  the  amount  of  phosphoric  acid  dissolved  by  this 
strength  of  ammonium  hydroxid.  The  filtrates  from  this  digestion 
were  alkaline  to  methyl  orange,  and  nearly  neutral  to  litmus.  The 
results  are  recorded  in  the  following  table: 
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Per  Cent,  of  Phosphoric  Add  Extracted  by  -^^^  Amnumium  Hydroxid. 


Kind  of  Phobphatb  addbd  to  ths  Soil. 


Unlimed. 


T.imf^j- 


Dissolved  bone 

Slag  meal 

Floats 

Raw  Redonda  phosphate — 
Roasted  Redonda  phosphate 
No  phosphate 


0.0040 
0.0031 
0.0044 
0.0030 
0.0054 
0.0068 


0.003ft 


0.003a 
O.OOIS 
0.0032 
0.003S 


There  is  no  general  agreement  between  the  above  results  and  the 
productiveness  of  the  various  plats.  The  amount  of  phosphoric  acid 
dissolved  from  the  soil  of  the  unlimed  check  plat  is  noticeably  high. 
The  percentage  of  phosphoric  acid  removed  from  the  unlimed  soils 
by  the  ammonium  hydroxid  is  always  greater  than  from  the  corre- 
sponding limed  ones.  The  humus  of  the  unUmed  soils  was  likewise 
always  dissolved  to  a  greater  extent  by  the  direct  treatment  with 
the  ammonium  hydroxid  without  the  previous  extraction  with  acid 
as  required  in  total-humus  determinations. 

It  has  been  the  general  experience  at  this  Station  that  Uming  de- 
creases the  amount  of  so-called  free  humus,  i,  c,  the  portion  directly 
soluble  in  ammonium  hydroxid;  in  fact,  the  intensity  of  the  dark 
extract  by  this  solvent  has  come  to  be  regarded  as  a  suggestion  of  the 
amount  of  lime  desirable  to  apply.  It  was  not  known,  however,  to 
what  extent  the  phosphorus  was  associated  with  this  particular  por- 
tion of  the  humus.  The  amount  of  humus  directly  extracted  by 
the  j^jf  ammonium  hydroxid  from  five  of  the  Umed  plats  varied  be- 
tween 0.337  and  0.363  per  cent.,  with  an  average  of  0.360;  the  vari- 
ation in  the  case  of  the  corresponding  unlimed  plats  was  from  0.S59 
to  0.399  per  cent.,  with  an  average  of  0.378.  It  is  an  interesting  fact 
in  this  connection  that  not  only  was  there  more  humus  directly 
soluble  in  yj^  ammonium  hydroxid  from  the  unlimed  than  from  the 
Umed  plats,  but  that  the  percentage  of  associated  phosphoric  acid  in 
the  humus  was  also  greater  in  each  of  the  five  cases  where  comparisons 
were  made. 
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The  Solvent  Action  op  Dilute  Acid  Upon  the  Soil  Phosphorus. 

C.  C.  Moore*  attempted  to  find  a  strength  of  hydrochloric  acid 
which  would  remove  approximately  the  same  amount  of  phosphoric 
acid  and  potash  from  a  soil  as  one  crop  of  oats  grown  in  pots. 
The  conditions  finally  adopted  by  him  for  the  extraction  were  as  fol- 
lows: 200  grams  of  soil;  one  liter  of  acid  of  such  strength  that  it  would 
be  jj,  to  methyl  orange  at  the  end  of  the  digestion;  a  temperature 
of  40^  C;  digestion  for  five  hours  in  a  shaking  machine.  A  preliminary 
digestion  with  a  small  amount  of  soil,  using  methyl  orange  as  an  indica- 
tor was  carried  out  to  ascertain  what  strength  of  acid  was  necessary 
at  the  beginning  of  the  digestion  in  order  to  have  ^  acid  at  the  end. 
This  investigation  was  very  comprehensive,  including  a  large  number 
of  soils,  both  virgin  and  cultivated,  from  widely  different  localities. 
It  seemed  that  our  phosphate  experiments  afforded  an  excellent 
opportunity  for  testing  the  capabilities  of  this  method,  in  the  case  of 
fertilized  soil,  for  determining  the  amounts  of  assimilable  phosphoric 
acid  in  the  various  plats,  especially  as  young  oat  plants  were  growing 
upon  the  plats  at  the  time  the  soil  was  sampled,  and  the  phosphoric 
acid  removed  by  the  crop  could  be  compared  with  that  removed  by 
the  yjy  acid.  It  should  be  recalled,  in  this  connection,  that  the  plats 
were  liberally  fertilized  with  nitrogen  and  potash,  so  that  the  yield 
would  be  expected  to  depend  upon  the  amount  of  phosphoric  acid 
which  the  plants  were  able  to  secure  from  the  various  phosphates, 
and  also  that  no  phosphoric  acid  had  been  applied  to  any  of  the  plats 
since  the  year  preceding  the  one  in  which  the  samples  of  soil  were 
taken. 

The  Bureau  of  Chemistry  of  the  Department  of  Agriculture  at 
Washington  kindly  consented  to  determine  the  phosphoric  acid  in  the 
soils  by  the  ^^  hydrochloric-acid  method,  as  the  Rhode  Island  Sta- 
tion was  not  equipped  with  a  shaking  machine  and  constant  tempera- 
ture oven,  which  would  enable  us  to  follow  the  method  under  the 
same  conditions  worked  out  by  Moore  at  Washington.     Our  thanks 

*Jour.  Am.  Chem.  Soo.  94,  70  (1002). 
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are  rendered  here  for  this  assistance.  Sub-samples  of  the  soil,  repre- 
senting exactly  the  samples  upon  which  the  other  chemical  work 
herein  recorded  was  done,  were  forwarded  to  the  Bureau  of  Chenais- 
try.  Circumstances  prevented  the  Bureau  of  Chemistry  from 
making  the  determinations  of  phosphoric  acid  in  all  twenty  of  the 
samples,  but  fortunately  the  ones  upon  which  the  determinations  were 
made  were  from  plats  Nos.  51  to  60,  inclusive,  and  represented  the 
ones  to  which  some  of  the  best  forms  of  phosphates  had  been  added 
the  year  previously,  viz. :  dissolved  bone-black,  acid  phosphate,  dis- 
solved bone,  finely  ground  bone,  and  slag  meal,  with  and  without 
lime.  Excellent  crops  of  oats  were  produced  upon  these  plats,  es- 
pecially upon  those  to  which  Ume  .was  added,  during  the  season  of 
1903,  at  the  beginning  of  which  the  soil  samples  were  taken,  and 
again  in  1904  without  fiuiiher  addition  of  phosphoric  acid.  Never- 
theless, Moore  writes  as  follows  concerning  the  soils:  "I  digested 
them  in  the  equivalent  of  ^  hydrochloric  acid  and  got  no  phos- 
phoric acid.  I  have  stated  that  the  suggested  scheme  of  analysis 
was  probably  not  applicable  to  fertilized  soils  inasmuch  as  the  con- 
ditions are  altogether  changed."  As  the  method  gave  no  phosphoric 
acid  in  the  samples  representing  the  best  plats,  it  of  course  was  not 
adapted  for  determining  differences  in  the  amount  of  assimilable 
phosphorus  in  the  plats  under  consideration.  If  the  experience 
gained  heretofore  at  Washington  with  pot  culture  regarding  the 
ability  of  the  oat  crop  and  the  ,;^  hydrochloric  acid  to  remove  similar 
amounts  of  phosphoric  acid  from  virgin  soils  were  to  serve  as 
a  guide  under  our  field  conditions,  it  would  have  been  expected  that 
a  comparatively  liberal  amount  of  phosphorus  should  have  been  dis- 
solved, considering  the  excellent  crops  which  were  produced  upon 
these  plats  and  the  large  amount  of  phosphorus  removed  by  them. 
Evidently  the  method  is  not  adapted  under  our  field  conditions  to 
soil  such  as  the  one  which  is  receiving  artificial  manuring  at  this 
Station. 

It  was  learned  subsequently  that  phenolphthalein  instead  of  methyl 
orange  was  incidentally  used  in  these  particular  determinations,  which 
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may  explain,  as  indicated  later,  why  no  phosphoric  acid  was  ob- 
tained. 

F.  P.  Veitch,  referee  on  soils  for  the  Association  of  Official  Agri- 
cultural Chemists  in  1903,  recommended  the  ^J^  hydrochloric-acid 
method  for  co-operative  work  without  increasing  the  strength  of  the 
acid  by  an  amount  equivalent  to  that  neutralized  by  the  soils,  and 
later  made  the  following  statement  in  his  report:  "From  these  re- 
sults it  appears  that  the  ,^  acid  method  when  not  corrected  for 
basicity  extracts  less  phosphoric  acid  from  most  soils  than  is  removed 
by  crops."  He  also  points  out  the  desirability  of  studying  the  sol- 
vent effect  of  more  concentrated  acid  than  the  ^5^ 

A  few  years  ago  §  hydrochloric  acid  was  adopted  provisionally 
by  the  Association  of  Official  Agricultural  Chemists  *'  for  the  deter- 
mination of  the  more  active  forms  of  the  phosphoric  acid  in  soils,"  and 
has  not  been  abandoned  since.  Fifth-normal  nitric  acid  has  been 
shown  to  yield  practically  the  same  results,  and  determinations  were 
therefore  made  with  this  solvent  in  samples  from  plats  of  widely 
different  productiveness,  namely:  the  Umed  plats  to  which  dissolved 
phosphate  rock,  floats,  and  raw  Redonda  phosphate  had  been  added. 
The  relative  yields  of  turnip  roots  from  these  plats  in  1903  were  22.4, 
8.2,  and  1.7,  respectively,  compared  with  the  check  plat  at  1.0.  The 
percentages  of  phosphoric  acid  removed  from  the  soil  by  the  §  acid 
were  0.0140,  0.0160,  and  0.0144,  respectively.  These  amounts  bear 
no  relation  to  the  crop  results. 

Preliminary  trials  with  ^  nitric  acid,  however,  promised  a  Uttle 
better,  for  the  poorest  two  limed  plats  gave  only  0.0006  and  0.0017 
per  cent,  of  phosphoric  acid,  whereas  two  plats  of  greater  productive- 
ness yielded  0.0024  and  0.0039  per  cent.  It  was  decided  to  make 
determinations  in  a  number  of  the  samples  with  this  strength  of  acid, 
especially  as  a  similar  strength  had  been  recommended  by  certain 
European  chemists  for  such  work.  The  initial  strength  of  acid  used 
upon  all  of  the  samples  was  the  same;  it  was  thought  that  this  would 
admit  of  fair  comparisons  being  made  among  the  plats  on  the  Umed 
side;  and  again  among  those  upon  the  unlimed  side. 
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The  results  are  given  below: 

Percentage  of  Phosphoric  Acid  Extracted  by  ^  Nitric  Acid, 


Kind  op  Phosphatb  addbd  to  tbb  Son.. 


Unlimed. 


Limed. 


Dissolved  bone 

Dissolved  phosphate  rock 

Finely  ground  bone 

Slag  meal 

Floats 

Raw  Redonda  phosphate 

Roasted  Redonda  phosphate. 
No  phosphate 


0.0038 
0.0029 
0.0027 
0.0042 
0.0020 
0.0038 
0.0052 


0.0029 
0.0024 
0.0026 
0.0017 
0.0039 
0.0006 
0.0014 
0.0015 


It  may  be  readily  seen  that  the  first  column  of  figures  throws  no 
light  upon  the  amount  of  assimilable  phosphoric  acid  in  the  unlimed 
plats.  (Reference  should  be  made  to  page  256  for  the  relative  yields 
of  certain  crops  upon  the  various  plats.)  The  check  plat  gave  the 
largest  percentage  of  any,  0.0052,  and  produced  the  smallest  crop. 
The  plat  receiving  roasted  Redonda  phosphate  gave  only  a  fair  crop 
compared  with  the  first  three  which  are  accompanied  above  by  the 
phosphoric  acid  percentages  in  the  "unlimed"  column,  and  yet  as 
large  an  amount  of  phosphoric  acid  was  gbtained  from  it  as  from  the 
first  of  the  three  plats  just  mentioned,  and  larger  than  from  the  two 
others. 

With  the  limed  plats  there  is  a  somewhat  better  agreement. 
(Reference  may  be  made,  also,  in  this  case  to  the  relative  yields  of 
turnips  from  these  plats  given  on  page  262,  as  this  crop  grew  normally 
upon  the  limed  plats  when  sufficient  assimilable  phosphorus  was 
present.)  The  last  three  percentages  in  the  "limed"  column  are  the 
smallest,  and  they  are  from  the  poorest  plats;  but  the  plat  to  which 
floats  had  been  added  previously  gave  only  a  medium  crop,  although 
the  percentage  of  phosphoric  acid,  0.0039,  is  the  largest  from  any  of 
limed  plats.  It  is  possible  that  the  acid  was  more  largely  neutral- 
ized in  the  case  of  the  sample  from  the  plat  receiving  slag  meal. 
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owing  to  the  alkaline  nature  of  this  material,  and  that  the  percentage 
of  phosphoric  acid,  0.0017,  is  on  this  account  lower  than  from  the 
three  others  above  it,  with  which  it  should  be  classed  from  the  stand- 
point of  crop  production.  Considering  the  relatively  small  diflference 
in  the  amounts  of  phosphoric  acid  extracted  by  the  ^  acid  from 
the  poorest  and  from  the  best  plats,  as  compared  with  the  very  large 
diflFerences  in  the  amounts  removed  by  the  crops,  the  method  does 
not  appear  of  much  value  for  determining  even  the  relative  amounts 
of  phosphoric  acid  at  the  disposal  of  the  plants  under  the  conditions 
of  the  experiment. 

It  may  be  seen  from  the  foregoing  table  that  the  amount  of  phos- 
phoric acid  extracted  was  always  greater  from  the  unlimed  than  from 
the  limed  plats.  In  order  to  ascertain  if  this  was  probably  due  to 
the  difference  in  the  strengths  of  the  acid  at  the  end  of  the  digestion,, 
caused  by  the  added  lime,  an  attempt  was  made  in  two  instances  to 
80  change  the  strength  of  the  initial  acid  that  the  solutions  after  the 
digestion  of  the  samples  of  the  limed  and  corresponding  unUmed  soi! 
would  be  of  about  the  same  acidity  as  shown  by  methyl  orange* 

The  soil  from  the  unlimed  plat  receiving  roasted  Redonda  phos- 
phate was  accordingly  digested  with  a  weaker  acid  than  the  ^,  so  that 
the  solution  at  the  end  of  the  digestion  was  about  the  same  as  from 
the  corresponding  limed  soil;  with  the  result  that  the  percentage  of 
phosphoric  acid  was  reduced  from  0.0038  to  0.0015,  or  to  practically 
the  same  as  from  the  limed  plat.  In  another  instance,  with  the 
samples  from  the  no-phosphate  plats,  the  strength  of  the  solution  was 
increased  in  the  case  of  the  Umed  sample  to  make  its  final  strength 
about  the  same  as  that  from  the  unlimed  one.  The  percentage  was 
increased  thereby  from  0.0015  to  0.0035.  This  is  less,  to  be  sure,  than 
was  obtained  from  the  corresponding  unlimed  soil,  namely,  0.0052, 
but  taken  with  the  results  given  above,  from  the  plats  receiving 
roasted  Redonda  phosphate,  indications  are  furnished  that,  with 
strict  attention  to  the  equalization  of  the  acidity  at  the  end  of  the 
digestion,  practically  the  same  amount  of  phosphoric  acid  would 
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have  gone  into  solution  from  the  corresponding  limed  and  unlimed 
soils. 

In  a  given  series,  limed  or  unlimed,  there  were  some  differences 
among  the  various  plats  in  the  final  acidity  of  the  solution  when 
tested  with  methyl  orange,  and  in  view  of  the  considerable  effect  of 
a  change  in  the  strength  of  acid  upon  the  amount  of  phosphoric  acid 
dissolved,  as  shown  by  the  above  results,  notice  was  taken  as  to 
whether  these  differences  might  be  the  reason  for  the  failure  of  the  f^ 
acid  to  remove  amounts  of  phosphoric  acid  comparable  with  the  crop 
production.  It  was  found,  however,  that  the  differences  were  not 
sufficiently  great  nor  in  such  a  direction  as  could  account  for  the  lack 
of  agreement  with  the  crop  results. 

According  to  some  investigj^tors  quite  wide  variations  in  the 
strength  of  dilute  nitric  acid  have  exerted  very  little  effect  upon  the 
amount  of  phosphoric  acid  dissolved,  the  contention  being  that  the 
dilute  nitric  acid  acted  principally  upon  the  phosphates  of  the  alkalies 
or  alkaline  earths,  and  that  a  very  considerable  increase  in  the 
strength  of  the  acid  could  be  made  before  the  phosphoric  acid  in  the 
more  insoluble  combinations  with  iron  and  aluminum  would  be  at- 
tacked to  any  great  extent.  Moore's*  results  with  dilute  hydro- 
chloric acid,  however,  show  that  with  many  soils  no  such  uniformity 
exists  in  the  amount  of  phosphoric  acid  dissolved.  The  results  by  T. 
Schloesing,  Jr.,t  in  this  connection  are  very  interesting.  He  digested 
about  20  grams  of  soil  in  about  one  liter  of  dilute  nitric  acid  of  varying 
strengths  for  ten  hours  at  room  temperature,  with  constant  agitation, 
and  found  that  about  equal  amounts  of  phosphoric  acid  were  dis- 
solved from  a  given  soil  when  the  final  acidity  of  the  solution  was 
anywhere  between  one  and  two  parts  of  nitrogen  pentoxid  in  ten 
thousand  up  to  one  part  in  a  thousand.  This  latter  strength  equals 
about  ^^  nitric  acid.  With  this  dilute  acid  scarcely  any  iron  was 
brought  into  solution;  but  as  the  greater  strength  of  acid  was  ex- 

•Jour.  Am.  Chem.  Soo.  24,  02,  (1902) 

tCompt.  Rand.  Aoad.  Soi.  Paris,  128, 1004  (1899).  Aba.  Centbl.  Agr.  Chem.  29,  79,  (1900.) 
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ceeded  the  amount  of  iron  increased  and  the  amount  of  phosphoric 
acid  no  longer  remained  constant. 

The  final  acidity  of  the  solutions  after  digestion  with  fg  nitric 
acid  was  in  our  case  from  ^  to  ^  in  round  numbers,  using  methyl 
orange  as  an  indicator,  and  ^^  to  ^  with  luteol*,  the  acidity 
being  somewhat  less  when  the  limed  soil  instead  of  the  unlimed  soil 
was  digested.  It  is  presumed  that  the  indicator  used  by  T.  Schloesing, 
Jr.,  although  not  mentioned  in  the  articles  referred  to,  took  into 
account  simply  the  reduction  in  the  acidity  caused  by  the  stronger 
bases  in  the  soil,  and  that  the  final  acidity  of  our  solutions  as  deter- 
mined by  luteol  would  therefore  furnish  a  better  basis  for  com- 
parisons. Viewed  from  this  standpoint  the  final  acidity  where  we 
used  ^  nitric  acid  was  greater  than  that  found,  by  T.  Schloesing,  Jr., 
to  be  capable  of  exerting  a  solvent  action  upon  the  iron  compounds, 
although  according  to  the  acidity  determined  by  methyl  orange,  our 
solutions  were  within  the  range  of  acidity  found  by  him  to  give  a 
constant  amount  of  phosphoric  acid  and  practically  no  iron.  It 
should  be  recalled  that  our  conditions  for  digestion  and  the  pro- 
portion of  soil  to  solvent  were  different  from  those  of  T.  Schloesing,  Jr., 
and  that  any  comparisons  made  with  results  secured  by  this  method 
should  be  viewed  accordingly.  Nevertheless,  in  view  of  the  quite 
extensive  work  done  by  A.  de  Sigmondf  with  the  Schloesing  method, 
such  comparisons  seem  warranted  to  a  certain  extent.  T.  Schloesing, 
Jr.,  extracted  by  this  method  from  four  different  soils  about  0.010, 
0.018, 0.025,  and  0.175  per  cent,  of  phosphoric  acid  with  nitric  acid 
having  a  final  acidity  somewhat  less  than  3^.  Sigmond  under 
similar  conditions,  by  the  same  method,  secured  only  traces  from 
two  soils  and  percentages  of  phosphoric  acid  ranging  from  0.013  to 
0.159  in  seven  other  soils,  and  finds,  by  comparison  with  results  se- 
cured by  the  growth  of  plants  in  pots,  that  as  a  rule  soils  containing 
over  about  0.075  per  cent,  of  phosphoric  acid  soluble  in  the  dilute 

*  It  WM  found  by  triftl  with  the  soil  sohitiona  that  the  titrations  with  ammonia  using  luteol 
aa  an  mdioator  were  about  the  same  aa  with  potaah  using  phenolphthalein,  so  that  the  former 
waa  tised  in  our  case  for  convenience. 

tAan.  Sd.  Agron.  16»  II.  461,  (1900.) 
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nitric  acid  were  not  benefited  by  phosphates,  although  it  was  not 
always  true  that  soils  3delding  less  than  this  amount  were  in  need  of 
phosphatic  fertilizers. 

The  amounts  of  phosphoric  acid  secured  by  the  Schloesing  method 
of  digestion  from  the  soils  considered  above  are,  as  may  be  noticed, 
much  greater,  as  a  rule,  than  were  obtained  by  us  from  the  soil  of  the 
phosphate  experiment;  for  the  maximum  amount  in  our  case  was 
only  about  0.005  per  cent.,  while  as  a  rule  not  more  than  0.003  per 
oent.  was  secured.  The  percentages  of  combined  ferric  and  aluminic 
oxids,  however,  obtained  by  us  with  ^^  nitric  acid  vary  from  0.38 
to  0.59  per  cent,  among  the  various  plats,  while  the  three  soils  in  which 
T.  Schloesing,  Jr.,  determined  the  ferric  oxid,  obtained  by  digestion  in 
nitric  acid  of  about  the  same  final  acidity,  contained  only  about 
0.02, 0.05,  and  0.01  per  cent.,  or  a  tenth  as  much  as  our  soil  jdelded. 
It  is  quite  probable  that  the  ferric  oxid  recorded  by  T.  Schloesing,  Jr., 
included  also  any  aluminic  oxid  which  may  have  been  present,  al- 
though this  point  is  not  discussed,  for  his  main  object  in  making  this 
determination  was  to  indicate  at  what  strength  of  acid  the  phosphates 
which  are  more  insoluble  than  the  alkaline  earth  phosphates 
went  into  the  solution,  and  the  aluminum  as  well  as  the  iron  phos- 
phates would  be  included  in  this  class.  It  seems  quite  evident  that 
the  soil  from  our  phosphate  experiment  yielded  much  more  iron  and 
aluminum  and  less  phosphoric  acid,  to  the  action  of  dilute  nitric  acid, 
than  those  investigated  by  T.  Schloesing,  Jr. 

As  was  stated  before,  the  final  acidity  of  the  solution  obtained 
by  us  by  digesting  the  soil  in  ^^  &cid  was  somewhat  greater  than 
recommended  by  T.  Schloesing,  Jr.,  in  case  he  used  an  indicator 
similar  to  phenolphthalein,  whereas  if  he  used  an  indicator  similar 
to  methyl  orange,  our  strength  of  acid  was  within  the  liniits  estab- 
lished by  him.  In  order  to  be  certain  to  have  the  amounts  of  iron 
and  aluminum  oxids  secured  by  an  acid  within  the  same  limits  of 
strength  as  recommended  by  Schloesing,  a  few  determinations  were 
made  of  the  amount  dissolved  by  dilute  nitric  acid  having  an  initial 
acidity  of  fg.      The  final  acidity  by  luteol  varied  from  ^  to   ^f^ 
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among  the  four  different  plats  tested,  and  was  therefore  within  the 
limits  fixed  by  Schloesing  (^  to  five  or  ten  times  this  dilution)  if 
viewed  from  the  standpoint  of  this  indicator.  Even  this  very  dilute 
acid  dissolved  a  surprisingly  large  amount  of  aluminum  oxid  from  the 
soils.  There  was  practically  no  iron  dissolved,  not  enough  to  impart 
a  yellow  tint  to  the  aluminum  hydroxid  precipitate.  The  average 
amount  of  oxid  from  the  four  samples  was  0. 195  per  cent.  Aluminum 
may  therefore  exert  an  important  influence  in  the  neutraUzation  of 
even  very  dilute  acid,  and  this  fact  must  be  considered  in  the  selection 
of  an  indicator  designed  to  determine  the  free  acidity  of  the  final 
solution.  A  small  amoimt  of  phosphoric  acid  was  obtained  in  each 
case,  but  the  difficulties  attending  a  correct  gravimetric  determination 
of  so  small  an  amount  in  the  presence  of  so  much  aluminum  deterred 
us  from  attempting  it.  Attention  should  be  called  to  the  fact  that 
the  final  acidity  by  methyl  orange  for  the  four  soils  was  y^,  ,^, 
^,  and  ^,  respectively;  and  yet,  in  spite  of  the  fact  that  the 
dilution  was  generally  greater  than  recommended  in  the  Moore 
method  of  digestion,  small  amounts  of  phosphoric  acid  were  obtained 
in  each  case.  As  mentioned  before,  Moore  obtained  no  phosphoric 
acid  from  these  soils  when  phenolphthalein  was  used  as  an  indicator 
in  ascertaining  the  neutralizing  power  of  the  soil. 

The  Choice  op  Indicators. 

The  selection  of  an  indicator  for  determining  the  final  acidity  of 
a  dilute  acid  solution  in  which  soil  has  been  digested  is  in  many  cases 
a  matter  of  considerable  importance  and  demands  more  attention 
than  has  sometimes  been  given  to  it.  Phenolphthalein,  a  weak  acid 
indicator,  has  sometimes  been  employed;  and  again,  methyl  orange 
one  of  the  strongest  acid  indicators,  with  no  apparent  consideration 
of  the  great  differences  in  results,  which  may,  in  certain  cases,  arise 
with  the  two  indicators.  The  Association  of  OflScial  Agricultural 
Chemists,  in  its  "  provisional  method  for  the  determination  of  the 
more  active  forms  of  the  phosphoric  acid  in  soils,"  recommends 
phenolphthalein  as  an  indicator  in  ascertaining,  by  a  preliminary 

15 
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digestion,  the  amount  of  acid  which  is  neutralized  by  the  soil  in  order 
that  a  final  acidity  of  ?  may  be  secured.  The  original  object  of 
this  preliminary  digestion  was  probably  to  enable  the  method  to  be 
used  with  calcareous  soils  by  increasing  the  acid  by  an  amount  which 
the  lime  of  the  soil  was  capable  of  neutralizing.  Phenolphthalein, 
being  sensitive  to  lime,  was  for  this  purpose  an  allowable  indicator  to 
employ.  The  situation  changes,  however,  when  a  soil  )delding 
much  iron  and  alumina  to  dilute  acid  is  analyzed;  for  these  weaker 
bases  certainly  decrease  the  acidity  in  such  a  case,  although  phe- 
nolphthalein  is  incapable  of  measuring  this  decrease  because  it  is 
not  suitable  for  titrating  such  weak  bases.  The  average  amount  of 
combined  ferric  and  aluminic  oxids  dissolved  from  the  soil  of  three 
of  the  limed  plats  by  5  nitric  acid  was  1.456  per  cent.,  while  only 
one-tenth  this  amount,  0.146  per  cent.,  of  calcium  oxid  was  dis- 
solved, even  though  the  plats  had  received,  in  previous  years,  two 
tons  of  air-slaked  Ume  per  acre.  The  average  amount  of  silica  was 
0.265  per  cent.,  and  of  phosphoric  acid  0.015  per  cent.  Owing  to 
the  comparatively  small  amount  of  phosphoric  acid  its  relative  effect 
upon  the  two  indicators  mentioned  may  be  left  out  of  consideration. 
The  silica  and  sesqui-oxids  have,  of  course,  different  relative  effects 
upon  these  indicators,  but  in  view  of  the  relatively  large  amount  of 
the  sesqui-oxids  present  in  this  case,  to  which  methyl  orange  is  sensi- 
tive and  phenolphthalein  is  not,  it  is  probable  that  the  principal  dif- 
ference in  the  action  of  the  two  indicators  may  be  attributed  to  the 
presence  of  the  oxids  of  iron  and  aluminum  in  solution. 

The  extracts  from  digesting  the  soils  of  the  various  plats  in  f^ 
nitric  acid  were  titrated  with  ^^  ammonium  hydroxid,  using  methyl 
orange  and  luteol  as  indicators.  (As  has  been  said,  the  latter  in- 
dicator gave  readings,  with  potash  solution,  similar  to  phenolph- 
thalein.) The  results  show  the  remarkable  differences  which  occur 
in  such  solutions  with  indicators  of  strong  and  weak  acid  properties. 
The  final  acidity  as  shown  by  the  average  of  all  of  the  samples  being 
with  luteol  ^,  while  with  methyl  orange  it  was  only  f^.  Again, 
four  samples  were  digested  in  ^  nitric  acid,  the  average  acidity  after 
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digestion  being  ^  with  luteol  and  ,^  with  methyl  orange;  these 
solutions  contained  on  an  average  about  0.19  gram  oi  aluminum  oxid 
per  liter. 

In  the  original  article  by  Moore,  previously  cited,  in  which  hydro- 
chloric acid  of  a  final  acidity  of  ^  was  recommended,  methyl 
orange  was  prescribed  as  the  indicator;  whereas  in  the  co-operative 
work  with  this  solvent,  upon  the  samples  furnished  from  our  phos- 
phate plats,  according  to  which  no  phosphoric  acid  was  obtained, 
phenolphthalein  was  used  as  the  indicator.  It  seems  probable,  from 
our  results  with  nitric  acid  and  the  same  soils,  that,  had  methyl  orange 
been  used  as  the  indicator  in  the  preliminary  determination  for 
ascertaining  the  neutralizing  effect  of  the  soil  upon  the  acid,  an 
acid  two  or  three  times  stronger  would  have  been  necessary  in  order 
to  secure  a  final  acidity  of  ^5^.  In  which  case  it  is  possible  that 
amounts  of  phosphoric  acid  bearing  some  relation  to  the  productive- 
ness of  the  plats  might  have  been  obtained,  as  was  the  case  with  the 
soils  from  various  parts  of  the  country  examined  earlier  by  the 
Bureau  of  Chemistry  with  J^^  hydrochloric  acid,  using  at  that  time 
methyl  orange  as  the  indicator. 

In  order  to  gain  further  information  regarding  the  relative  sensi- 
tiveness of  methyl  orange  and  luteol  to  aliuninum,  a  dilute  solution 
of  potassium-aluminum  sulfate  was  titrated  against  a  standard  am- 
monium hydroxid  solution.  With  methyl  orange  as  an  indicator  the 
change  of  color  began  when  a  few  tenths  of  a  c.c.  of  the  alkali  had 
been  added,  while  with  luteol  over  14  c.c.  had  to  be  added  before  the 
change  of  color  occuhred,  which  amount  approached  what  would  have 
been  required  by  a  quantity  of  sulfuric  acid  equal  to  that  combined 
with  the  aluminum  of  the  alum.  In  other  words,  luteol  is  not  sensi- 
tive to  aluminum,  and,  like  phenolphthalein,  is  unsuitable  for  measur- 
ing the  neutralizing  effect  of  such  weak  bases  upon  the  dilute  acid 
used  in  soil  digestion.  It  need  scarcely  be  said  that  cochineal,  which 
is  so  largely  used  in  nitrogen  determinations,  is  wholly  unsuitable 
because  of  the  pink  color  which  iron  and  aluminum  impart  to  it, 
resembling  the  change  caused  by  an  alkaUne  solution. 
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Summary. 

Owing  to  the  marked  influence  of  the  reaction  (acid  or  alkaline) 
of  the  soil  upon  the  growth  of  certain  plants,  the  effect  of  the  dif- 
ferent phosphatic  materials  upon  this  reaction  must  be  considered  in 
connection  with  a  study  of  the  assimilability  of  the  phosphoric  acid 
in  those  phosphates. 

The  assimilability  of  the  phosphates  themselves,  and  of  the  phos- 
phorus of  the  soil,  varies  with  the  reaction  of  the  soil. 

The  range  in  the  percentage  of  phosphoric  acid  in  oats,  golden 
German  millet,  and  Panicum  crus-galli,  fertilized  with  different  phos- 
phates, was  not  wide  enough  to  serve  as  a  measure  of  the  assimila- 
bility of  the  phosphorus  in  different  materials. 

The  results  with  flat  turnips,  however,  indicate  that  this. plant 
may  serve  a  useful  purpose  in  testing  the  relative  assimilability  of 
the  phosphates. 

The  relative  yields  of  turnip  roots  upon  the  limed  phosphate  plats , 
all  of  which  had  received  the  same  amount  of  phosphoric  acid,  ranged 
between  1.7  and  27.0,  depending  upon  the  kind  of  phosphate,  as  com- 
pared with  the  limed  check  plat  taken  as  1. 

The  percentage  of  phosphoric  acid  in  the  dry  matter  of  the  turnip 
roots  varied  between  0.45  and  0.87;  and  in  the  tops,  between  0.31 
and  0.83. 

The  general  tendency  was  for  the  percentage  of  phosphoric  acid 
in  the  turnip  crop  to  increase  with  the  increase  in  the  size  of  the  crop 
brought  about  by  the  better  kinds  of  phosphates. 

It  is  possible  that  the  percentage  of  phosphoric  acid  in  the  turnip 
may  indicate  the  relative  amounts  of  assimilable  phosphoric  acid  in 
different  soils,  when  certain  conditions  are  well  understood. 

Half  of  the  total  amount  of  phosphorus  in  this  soil  is  extracted  with 
the  humus.  Much  greater  amounts  of  phosphorus  were  extracted 
from  the  soil  with  dilute  ammonium  hydroxid  than  by  the  same 
strengths  of  nitric  acid. 

Ammonium  hydroxid   of    ?,  ^5,  and  j%  strengths   did   not   ex- 


Digitized  by  VjOOQIC 


Ascertaining  Phosphoric  Acid  DEFiaENaES.  285 

tract  amounts  of  phosphorus  in  good  accord  with  the  assimilability 
of  the  phosphorus  in  the  different  plats.  Fifth-normal  and  fg  nitric 
acid  also  failed  to  uniformly  point  out  the  differences  in  the  assimila- 
bility of  the  phosphorus  as  shown  by  the  crop  results. 

The  selection  of  an  indicator  for  determining  the  neutralizing  prop- 
erties which  a  soil  exerts  upon  an  acid  in  which  it  is  digested  is  of  con- 
siderable importance,  in  view  of  the  widely  differing  results  secured 
by  indicators  of  such  different  classes  as  methyl  orange  and  phe- 
nolphthalein. 

It  is  doubtful  if  any  solvent  will  extract  from  all  soils  amounts  of 
phosphorus  bearing  definite  relations  to  those  removed  by  even  a 
given  crop.  This  is  especially  tru6  when  a  large  portion  of  the  total 
amount  of  this  element  is  in  combination  with  organic  matter  and 
must  depend,  therefore,  to  a  considerable  extent,  upon  the  micro- 
organisms  of  the  soil  for  its  Uberation. 
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INTRODUCTION. 

(bt  h.  J.  wheeler). 


The  following  paper  gives  an  account  of  some  cooperative  work 
between  the  Rhode  Island  Station  and  the  Bureau  of  Soils  of  the  U. 
S.  Department  of  Agriculture.  Mr.  Breazeale  was  directed  in  his 
work  by  Professor  Whitney,  Chief  of  the  Bureau  of  Soils,  and  by  the 
Director  of  this  Station. 

The  work  was  carried  on  primarily  in  order  to  study  the  soluble 
toxic  substances  in  a  highly  unproductive  soil  and  also  in  soils  in 
good  tilth  and  of  high  productiveness.  The  influence  of  the  treat- 
ment of  the  extracts  of  such  soils  with  non-nutritive  solid  materials 
:and  with  certain  soluble  chemical  substances  has  been  studied  by 
way  of  water  cultures  with  wheat  both  in  the  normal  and  treated 
extract.  It  has  been  fully  recognized  that  one  can  not  necessarily 
iipply  the  conclusions  drawn  from  water  cultures  to  ordinary  field 
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practice,  yet,  by  the  study  of  water  cultures  of  plants,  valuable  sug- 
gestions as  to  what  occurs  in  the  soil  itself  are  often  obtained.  It  is 
well  known  that  the  ordinary  manurial  substances  contained  in  com- 
mercial fertilizers  may  sometimes  injure  soils,  and  they  may  also 
benefit  them,  even  aside  from  their  direct  or  indirect  nutrient  value 
upon  the  plants  grown  in  them. 

In  earlier  experiments  at  this  Station  a  toxic  effect  upon  plants  was 
noticed  after  ammonium  chlorid  had  been  employed  with  acid  phos- 
phate and  muriate  of  potash,  but  the  toxic  action  disappeared  when 
basic  slag  meal  and  potassiimi-magnesium  carbonate  were  applied  with 
the  ammonium  chlorid.  A  similar  toxic  effect  was  noticed  also  when 
ammoniimi  sulfate  was  used  with  the  same  supplementary  materials 
in  the  field  and  in  pots,  a  condition  which  was  overcome  in  the  pots 
by  the  employment  of  either  carbonate  of  lime  or  caustic  magnesia. 
In  the  field  lime  only  was  employed,  and  then  with  full  remedial 
effect.  A  single  observation  is  also  on  record  at  this  Station  of  a 
lack  of  toxic  action  when  magnesium  chlorid  was  added  to  a  soil, 
while  ammonium  chlorid  containing  the  same  amount  of  chlorin  was 
highly  toxic.     Possibly  this  latter  action  might  not  be  repeated. 

Many  other  illustrations  of  this  double  action  of  manurial  sub- 
stances could  be  cited  from  the  field  and  pot  experiments  already 
conducted  here.  It  is  not  surprising,  therefore,  that  similar  results 
should  be  obtained  when  working  with  water-extracts  of  soils. 

The  study  of  the  influences  of  both  soluble  and  solid  substances 
upon  these  soil  extracts  is  interesting  and  suggestive,  and  no  one  can 
predict  its  possible  eventual  bearing  upon  actual  practice.  To  at- 
tempt to  claim  from  the  data  obtained  that  because  these  manurial 
substances  are  beneficial  to  soil  extracts  in  other  ways  than  through 
their  nutritive  effects,  where  such  a  possibility  of  action  exists,  and 
that  hence  they  do  not  play  the  role  of  plant  nutrients  in  the  soil  when 
added,  is  not  intended,  nor  is  it  to  be  inferred.  Neither  is  it  ques- 
tioned but  that  the  so-called  chemical  manures  do  in  most  instances, 
where  they  are  applied  to  the  "  worn  out "  type  of  soils,  exert  a  direct 
effect  as  nutrients  upon  the  plants. 
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The  action  of  the  non-nutrient  solids  and  of  soluble  bodies  upon 
these  extracts  is  not  a  source  of  surprise  to  those  who  understand  the 
chemical  and  physical  principles  involved. 

Owing  to  the  lack  of  means,  facilities,  and  assistants  for  under- 
'  taking  such  work  at  this  time,  the  thanks  of  the  Station  are  especially 
due  to  the  Bureau  of  Soils  for  the  aid  rendered.  It  gives  me  great 
pleasure  to  acknowledge  the  valuable  aid  and  suggestions  made  in 
connection  with  the  work  by  Professor  Whitney,  Chief  of  the  Bureau 
of  Soils,  also  by  Doctors  Cameron  and  Livingston  of  the  same  Bureau. 
Thanks  are  likewise  due  Dr.  B.  L.  Hartwell  for  assistance  rendered  to 
the  authors  in  the  coiu*se  of  the  preparation  of  the  manuscript  of  this 
article. 
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ON   THE    CAUSES    OF    UNPRODUCTIVITY    IN  A  RHODE 

ISLAND  SOIL. 


Description  of  SoU, — ^The  soil  with  which  the  present  paper  has  to 
deal  has  been  surveyed  and  mapped  by  F.  E.  Bonsteel  and  E.  P. 
Carr.    The  following  description  is  quoted  from  their  report.-* 

"The  soil  of  the  Miami  silt  loam,  to  an  average  depth  of  10  inches, 
is  a  brown  silty  loam  containing  a  relatively  small  quantity  of  fine 
and  very  fine  sand,  which  renders  it  mellow  and  friable.  The  surface 
compacts  when  wet,  but  does  not  bake  on  drying.  The  subsoil,  to 
an  average  depth  of  32  inches,  is  a  uniform  plastic  yellow  silt  loam, 
becoming  more  sandy  in  the  last  few  inches,  and  resting  on  a  sub- 
stratum of  coarse  sand  and  gravel  below  32  inches.  The  whole  type 
is  free  from  stones  and  gravel  except  for  a  few  glacial  erratics  and 
rounded  bowlders  scattered  on  the  surface.  Most  of  these  have  been 
picked  off  the  fields  and  built  into  fences  or  crushed  for  road  material. 

"This  type  is  found  principally  in  the  Kingston  plain,  where  it 
presents  a  level  surface,  and  near  Peacedale,  where  it  occurs  as  gently 
undulating  hillocks  and  as  a  level  table-land.  Its  range  in  elevation 
is  slight,  and  the  type  as  a  whole  is  best  described  as  level  and  un- 
broken. 

"Underdrainage  is  generally  good,  from  the  coarse  and  porous 
nature  of  the  materials  underlying  the  subsoil  at  no  great  depth,  but 
the  surface  is  usually  so  level  and  the  soil  so  compact  that  water 
stands  on  the  surface  after  heavy  rains  and  remains  late  in  the  spring 
after  the  melting  of  the  snow.  Areas  sufficiently  inclined  to  permit 
drainage,  of  course,  do  not  suffer  from  standing  water.  The  texture 
and  structure  of  the  soil  and  subsoil  are  such  that  they  are  capable 
of  maintaining  a  sufficient  moisture  supply  for  the  entire  growing 
season;  yet  they  are  not  so  impervious  as  to  impede  the  capillary 
movement  of  soil  moisture,   as  do   the  heavy  clays.    The   type 

*BoD8teel,  F.  R.  and  Carr,  E.  P.,  Soil  Survey  of  Rhode  Island.     Field  Operations.  Bureau 
of  Soils.  U.  S.  Dept.  Agriculture,  1006. 
16 
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therefore  falls  within  the  lighter  class  of  desirable  grass  and 
grain  producing  soils,  and  is  also  adapted  to  a  wide  range  of  heavy 
truck  and  canning  crops. 

"The  Miami  silt  loam  is  derived  from  reworked  glacial  material 
laid  down  as  a  sediment  from  quiet  water  under  uniform  conditions. 
These  sediments  form  a  superficial  layer,  rarely  more  than  three  feet 
in  depth,  over  the  coarser  water-deposited  materials  of  the  plain.  The 
predominance  of  silt  in  such  a  localized  area  in  only  one  of  the  plains 
would  point  to  the  Miami  stony  loam,  which  occupies  large  surround- 
ing areas,  as  the  probable  source  of  the  materials.  The  pale  color 
of  the  subsoil  indicates  the  low  state  of  oxidation  of  the  iron  salts, 
while  the  brown  color  and  mellow  texture  of  the  soil  indicate  that 
it  has  been  derived  from  the  subsoil  by  direct  weathering  and  the  in- 
corporation of  organic  remains." 

The  following  table,  taken  from  the  same  report,  gives  mechanical 
analyses  of  typical  samples  of  this  soil: 


No. 


11,700 

11,698 

11,699 
11,701 


LOCALXTT. 


1   mile  S.  E.   of 
Kingston  . . . 


i  mile  E.  of  Slo- 
cum 


Subsoil  of  11,698. 
Subsoil  of  11,700. 


Dbscription. 


ll 


Brown  silty  loam, 
0  to  10  inches. 


Brown  silty  loam, 
0  to  11  inches.    0.6 

Yellow  silty  loam, 
11  to  36  inches.    0.7 

Yellow  silty  loam, 
10  to  36  inches.    1.5 


Per 
cent. 

2.1 


Per 
cent. 

6.7 


1.9 
1.6 
5.4 


6 

•6 

\i 

-go 


Per 
cent. 

4.2 


1.1 
0.5 
2.9 


o 

it 


Per 
cent. 

9.5 


2.2 
1.2 
6.6 


Per 
cent. 

12.5 


13.4 


Per 

cent. 

53.8 


64.9 


S 
d 


8.3182.9 
13.762.6 


Per 
cent. 

11.2 


15.3 
4.7 
7.3 


Methods, — The  soil  extract  for  these  experiments  was  prepared  by 
the  method  described  in  Bulletin  No.  23  of  the  Bureau  of  Soils.  One 
part  of  soil  by  weight  was  stirred  three  minutes  with  two  parts  of 
distilled  water,  then  allowed  to  stand  20  minutes  and  filtered  under 
pressure  through  a  clean  Pasteur-Chamberland  filter.     Since  dis- 
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tilled  water  as  it  is  ordinarily  prepared  in  chemical  laboratories  has 
been  found  to  be  markedly  toxic  to  wheat  plants  grown  in  water  cul- 
ture, and  since  this  toxicity  is  in  a  very  large  measure  corrected  by 
filtering  the  water  through  carbon  black,*  all  of  the  water  used  in 
these  experiments  was  so  treated.  Distilled  water  was  shaken  thor- 
oughly with  well-washed  carbon  black  obtained  from  the  burning  of 
petroleum,  and  the  solid  was  then  filtered  out  by  means  of  filter  papers. 
By  this  method  any  deleterious  substances  originally  in  the  water 
were  first  rempved  before  the  soil  extract  was  prepared,  thus  avoiding 
any  question  which  might  arise  in  regard  to  the  properties  of  the  water 
employed.  All  soil  e^^tracts  and  solutions  were  thoroughly  aerated, 
by  shaking,  before  they  were  used  in  the  cultures. 

The  cultures  were  grown  in  wide-mouth  bottles  of  black  glass, 
capacity  about  60  cc,  the  seedlings  being  fixed  in  small  openings  in 
the  margins  of  the  flat  cork  stoppers  in  the  manner  described  in  the 
bulletin  above  cited.  The  plants  were  so  placed  that  the  seed  was 
just  above  the  surface  of  the  solution,  while  the  roots  were  almost 
entirely  submerged.  The  Russian  variety  of  wheat  known  as  "  Chul " 
was  used  in  all  of  these  cultures.  The  seeds  were  germinated  in 
moist  sand  and  were  transferred  to  the  culture  bottles  when  the 
sprouts  had  attained  a  length  of  from  two  to  four  centimeters,  care 
being  taken  in  preparing  the  experiments  to  use  seedlings  as  uniform 
in  size  and  vigor  as  possible.  The  experiment  lasted  about  two 
weeks,  and  the  media  were  replaced  at  intervals  of  three  to  four  days 
by  new  ones  freshly  prepared.  Weighings  of  the  cultures  were  made 
at  intervals  of  two  or  three  days  and  the  several  losses  in  weight,  being 
a  measure  of  the  amount  of  water  transpired,  were  added  together 
for  the  total  transpiration.  In  these  weighings  three  bottles  were 
grouped  together  and  considered  as  a  culture  unit.  The  cultures 
were  grown  in  a  glasshouse,  and  were  given  as  large  an  amount  of 
sunshine  as  was  allowed  by  the  weather.  Under  these  conditions 
the  effect  of  the  increase  in  weight  of  the  plants  upon  the  determina- 

*BrMseide.  J.  F.  (1),  Efifect  of  solids  upon  the  gro'^'th  of  wheat  in  water  cultures,  Bot. 
Qasette.  1906. 
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tions  of  the  water  transpired  was  negligible,  and  no  account  was 
taken  of  it.  Loss  of  water  by  evaporation  from  the  bottles  was  re- 
duced to  a  quantity  so  small  as  to  be  also  negligible. 

It  has  been  shown  by  Livingston*  that  under  conditions  similar 
to  those  of  the  present  experiments  the  amount  of  water  lost  by  trans- 
piration is  a  fair  measure  of  the  growth  of  wheat  plants  during  the 
first  few  weeks  after  germination,  and  this  criterion  was  used  in  this 
work.  At  the  end  of  the  experiment  the  tops  of  the  plants  were  re- 
moved just  above  the  juncture  of  root  and  stem,  and  their  green 
weights  determined,  the  latter  being  taken  as  a  second  criterion  of 
growth.  It  was  found  in  these  experiments  that  the  results  were  not 
always  the  same  by  each  of  these  criteria.  A  third  criterion  often 
of  aid  is  the  apparent  general  condition  of  the  plant. 

Experiments  and  Results, — In  the  beginning  of  this  work  a  large 
sample  of  Miami  silt  loam  was  taken  from  that  section  of  the  Ex- 
periment Station  farm  known  as  the  "artificially  exhausted  soil." 
This  soil  includes  plats  Nos.  74,  76,  78,  80,  82,  and  84.  It  has  been 
under  continuous  culture  without  grass  for  ten  years,  is  in  very  poor 
chemical  and  physical  condition,  and  does  not  represent  the  usual 
normal  condition  of  this  class  of  soils  in  Rhode  Island.  Indian  com 
will  not  attain  a  height  of  over  five  and  one-half  inches  in  this  soil 
during  the  entire  season.  It  was  selected  for  these  experiments  on 
account  of  its  low  productivity.  In  an  aqueous  extract  of  this  soil 
wheat  seedlings  made  a  very  poor  growth.  Furthermore,  certain 
peculiarities  of  the  roots  which  characterize  seedlings  grown  in  the 
soil  itself  are  also  exhibited  to  a  marked  degree  by  the  cultures  in 
the  soil  extract.  The  roots  are  short  and  thickened  and  fail  to  branch 
normally.  Evidently  the  immediate  cause  of  the  unproductiveness 
of  this  soil  is  transmitted  to  a  considerable  extent  to  its  extract. 
This  seems  to  be  generally  true  whenever  a  soil  and  its  extract  are 
compared  in  this  way.  From  this  it  appears  that  in  the  majority  of 
cases  the  mechanical  condition  of  the  soil  is  not  the  only  immediate 

*  Livingston,   B.   E.,  Relation  of  transpiration   to  growth  in  wheat,    Bot.  Gazette.   40, 
178-196  (1905). 
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though  possibly  one  of  the  primary  causes  of  its  failure  to  produce 
good  crops,  for  a  mechanical  peculiarity  of  the  soil  can  not  be  trans- 
mitted to  an  aqueous  extract. 

The  properties  of  a  solution  may  be  effective  in  retarding  the  de- 
velopment of  plants  growing  therein  in  one  or  both  of  two  general 
ways:  First,  the  physical  properties  of  the  solution,  such  as  viscosity, 
osmotic  pressure,  etc.,  may  retard  growth  or  even  inhibit  it,  and  this 
without  regard  to  the  chemical  nature  of  the  dissolved  substances  to 
which  the  solution  owes  its  properties.  Second,  the  chemical  nature 
of  the  solution  may  retard  growth,  either  through  the  presence  of 
bodies  which  are  injurious  to  plants,  or  through  the  absence  of  neces- 
sary salts. 

In  attempting  to  determine  the  nature  of  the  properties  of  the  ex- 
tract of  the  infertile  Miami  silt  loam  which  makes  it  injurious  to  wheat 
plants,  both  of  these  possible  modes  of  action  need  to  be  considered. 
Of  the  various  physical  properties  of  solutions  the  only  one  which  is 
likely  to  be  effective  in  this  case  is  that  of  osmotic  pressure.  That 
the  osmotic  pressure  of  a  solution  may  be  too  low  to  give  the  best 
growth  of  plants  is  very  probable,  although  little  has  been  done  in  the 
way  of  quantitative  experimentation  in  this  regard.  Convincing 
<iualitative  evidence  in  favor  of  this  idea  has  been  presented  recently.* 
It  has  been  shown  that  the  growth  of  wheat  in  a  dilute  nutrient  so- 
lution is  markedly  increased  by  the  addition  of  a  soluble  salt  such  as 
sodium  chlorid,  when  sufficient  amoimts  of  this  salt  for  all  possible 
food  requirements  of  the  plants  were  already  present  in  the  solution. 
This  increased  growth  was  apparently  due  to  the  higher  osmotic 
pressure  of  the  solution  acting  directly  or  indirectly  upon  the  plants. 

It  has  long  been  known  that  the  osmotic  pressure  of  a  solution 
might  be  too  high  for  growth  owing  to  the  tendency  of  strong  so- 
lutions to  withhold  water  from  the  plant.  Quantitative  data  on  this 
subject  are  still  markedly  lacking  in  the  case  of  higher  plants.    This 


*  Breaseale,  J.  F.  (2),  Effect  of  the  concentration  of  the  nutrient  solution  upon  wheat  cul- 
luree.  Sdenoe.  N.  S.  22,  146-149  (1905). 
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whole  subject  is  thoroughly  discussed  and  the  experimental  evidence 
brought  together  up  to  the  time  of  writing  by  Livingston.* 

Several  valuable  studies  have  been  made  on  lower  forms.  It  is  a 
well-known  fact  that  in  nutrient  solutions  which  are  too  concentrated 
for  normal  growth,  plants  are  in  general  either  killed  outright  or 
show  a  dwarfing  very  similar  to  that  produced  by  lack  of  water. 

That  certain  soils  contain  soluble  substances  which  are  injurious 
to  plant  growth,  apparently  through  their  chemical  nature,  has  long 
been  known.f  That  extracts  of  soils  are  frequently  toxic  to  plants 
has  also  been  pointed  out  recently  in  Bulletin  No.  23  of  the  Bureau 
of  Soils  of  the  U.  S.  Department  of  Agriculture,  and  this  matter  is 
treated  more  thoroughly  for  one  particular  soil  in  Bulletin  No.  28  of 
the  same  Bureau. 

Some  of  the  possible  causes  of  the  injurious  properties  of  the  ex- 
tract of  the  infertile  Miami  silt  loam  at  Kingston,  R.  I.,  will  now  be 
considered. 

In  the  first  place,  the  effect  of  adding  to  the  soil  extract  the  three 
main  plant-food  constituents,  potassium,  phosphorus,  and  nitrogen, 
was  tested.  The  salts  used  were  potassium  sulfate,  disodium  phos- 
phate, and  sodium  nitrate.  These  were  tried  separately  and  in  com- 
bination. Experiment  I  deals  with  these  tests.  It  continued  from 
April  22  to  May  6,  1905,  and  comprised  thirty-six  plants  for  each  of 
the  different  treatments.  Transpiration  data  were  taken  ior  the  last 
eight  days  of  the  period,  and  the  green  weights  of  the  plant  tops  were 
determined  at  the  end  of  the  test.  The  data  for  this  experiment  are 
given  in  table  I.  The  figures  immediately  following  the  names  of 
the  salts  denote  parts  per  million  of  the  particular  food  constituents 
which  were  added,  it  being  assumed  on  the  ground  of  much  similar 
experimentation  that  the  small  amounts  of  sulfate  and  sodium  ions 
necessarily  accompanying  the  food  constituents  would  have  at  most 
a  negligible  effect  upon  the  plant.     Following  the  columns  giving  the 

*  Livingston,  B.  E.,  The  r61e  of  diffusion  and  osmotic  pressure  in  plants  ;  Part  II,. 
Chap.  IV,  Chicajio,  1903. 

t  See  especially  DeCandolle,  A.  P.,  Physiologie  Vdg^tale,  Paris,  1832. 
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actual  results  are  others  which  give  the  percentage  gain  brought  about 
by  the  several  treatments,  these  gains  being  calculated  on  the  basis  of 
the  green  weight  and  transpiration,  respectively,  of  the  cultures  in 
untreated  soil  extract,  considered  as  unity. 

TABLE  I. 

Data  for  Experiment  I. 

TreatmerU  of  extract  of  the  infertile  Miami  ailt  loam  vdth  plant-food  conMuente. 


Texatmknt  of  Extbact. 


Tkanbpikation. 


Gbbbn  WmoHT  or 
Top*. 


Grams. 


Untreated 

KjSO^  (K  50  p.p.m.) 

NaNO,  (NO,  50  p.p.m.) 

Na^HPOy  (PO^  50  p.pm.) 

JK,SO^  and  NaNO,    (K  and  NO,  each  50 

p.p.m.) 

KjSO^  and  Na^HPO^  (K  and  PO^  each  50 

P.p.m.) 

NaNO,  and  Na,  HPO^  (NO,  and  PO^  each 

50  p.p.m.) 

K,SO^,  NaNO,  and  Na,HPO^  (K,N03  and 

PO^  each  50  p.p.m.) 


68.0 
129.4 
102.9 
148.5 

185.2 

135.8 

172.8 

242.2 


Per 
cent, 
gain. 


90 

51 

119 

172 

100 

154 

256 


Grama. 

2.85 
5.55 
4.90 
6.75 

5.50 

4.35  I 

5.20 

4.25 


Per 
cent, 
gain. 


95 
72 
37 

93 

52 

82 

49 


From  these  results  it  appears  that  all  of  the  treatments  had  a 
-decidedly  beneficial  effect.  This  shows  at  once  that  the  failure  of 
the  untreated  extract  to  produce  normal  growth  of  wheat  can  not  be 
<;onsidered  as  due  to  too  high  a  concentration  of  dissolved  substances, 
for  the  addition  of  these  salts  must  have  increased  the  concentration 
to  a  noticeable  degree. 

From  the  last  paragraph  it  may  be  inferred  that  the  concentration 
•of  this  soil  extract  is  too  low  to  give  normal  growth  of  the  culture 
plants.  This  is  doubtless  true,  but  the  effect  of  the  low  concentra- 
tion is  apparently  not  the  sole  factor  inhibiting  growth.  Experi- 
ment II,  which  was  designed  to  throw  light  upon  this  point,  is  incon- 
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elusive.  It  was  carried  from  May  5  to  May  23,  1905,  the  transpira^ 
tion  being  taken  for  the  last  eleven  days.  Thirty-six  plants  were 
used  for  each  of  the  two  treatments.  The  results  are  given  in  table 
II,  which  is  arranged  in  the  same  manner  as  table  I. 

TABLE  II. 

Data  for  Experiment  n. 

Comparison  of  rain  water  tvith  extract  of  the  infertile  Miami  silt  loam. 


Trkatment. 


Soil  extract  prepared  with  filtered  rain  water. 
Filtered  rain  water 


Tbanbpibation. 

Grkbn  WnoHT  or 
Tops. 

Grama.  ^^^^' 

Grams. 

Per  cent, 
sain. 

67.7 
73.5 

9 

3.1 
3.1 

(> 

While  the  transpiration  of  the  plants  grown  in  the  rain  water  was 
somewhat  higher  than  that  of  those  grown  in  the  soil  extract,  the 
difference  is  too  small  to  draw  any  definite  conclusions  as  to  the  rela- 
tive gain  of  one  over  the  other.  It  seems  certain  that  the  nutrient 
salts  which  were  present  in  the  soil  extract  were  prevented  in  some 
way  from  exerting  their  due  effect  upon  the  plants. 

Experiment  III  was  another  test  of  a  similar  nature,  but  in  this 
case  the  soil  extract  was  prepared  with  carbon-treated  distilled  water,, 
and  a  portion  was  also  diluted  to  twice  its  volume  with  the  same 
water.  This  test  was  carried  on  with  experiment  I,  the  same  num- 
ber of  seedlings  being  used  for  each  treatment  and  the  same  culture 
in  untreated  extract  being  used  as  control.  The  result  showed  that 
the  diluted  extract  produced  an  improvement  in  growth  of  seven  per 
cent,  by  transpiration  and  37  per  cent,  by  green  weight.  These  data 
support  the  idea  mentioned  above,  yet  further  experimentation  in 
the  same  line  would  be  desirable. 

Having  shown  that  an  important  cause  of  the  poor  growth  of  wheat 
in  this  extract  appears  to  lie  in  its  chemical  properties^  there  are  two 
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questions  which  at  once  arise :  First,  can  the  facts  be  explained  upon 
the  supposition  that  the  solution  is  deficient  in  nutrient  salts?  And, 
second,  may  the  poor  growth  in  the  untreated  extract  be  due,  not 
wholly  to  a  lack  of  beneficial  and  necessary  chemical  materials,  but 
to  the  presence  of  some  injurious  or  toxic  substances? 

An  examination  of  the  results  of  experiment  I  would  seem  to  in- 
dicate that  the  first  supposition  is  true,  and  that  the  extract  is  de- 
ficient in  plant-food  salts,  a  view  which  is  supported  by  the  small 
amount  of  salts  in  the  extract,  viz.,  68  parts  per  miUion.  It  is  pos- 
sible that  when  one  more  of  these  salts  is  added  growth  is  increased 
mainly  becaiise  there  is  a  better  supply  of  nutrient  material  for  the 
plant  to  draw  upon.  However,  if  the  other  supposition  were  also 
true,  the  addition  of  non-injurious  soluble  salts  to  the  extract  might 
so  alter  the  conditions  in  the  solution  or  in  the  plant,  or  in  both  to- 
gether, that  the  injurious  substances  assumed  in  this  supposition 
might  become  non-injurious.  In  other  words,  injurious  substances 
may  be  present  which  prevent  the  plants  from  growing  normally, 
^d  at  the  same  time  they  may  be  suffering  to  some  extent  from  a 
lack  of  nutrient  salts. 

Additional  light  upon  these  questions  is  obtained  by  comparing 
the  growth  of  plants  in  a  nutrient  solution  prepared  with  distilled 
water  with  the  growth  in  another  nutrient  solution  prepared  with 
«^(&ctly  the  same  salts  in  the  same  proportions,  but  with  soil  extract 
substituted  for  pure  water.  In  this  case  the  second  solution  must 
necessarily  possess  a  somewhat  greater  content  of  soluble  material 
than  the  former,  since  some  substances  must  dissolve  from  the  soil 
and  be  present  in  the  extract.  Therefore,  if  the  nutrient  solution 
prepared  with  soil  extract  exhibits  a  markedly  poor  growth  as  com- 
pared with  the  other  solution,  it  must  be  concluded  that  the  retard- 
ation of  growth  is  due  to  the  presence  of  injurious  bodies. 

Such  a  test  of  the  properties  of  this  soil  extract  was  made  as  ex- 
periment IV.  The  nutrient  solution  used  contained  82  parts  per 
million  of  calcium  nitrate  and  88  parts  per  million  of  dipotassium 
phosphate.    The  experiment  was  carried  on  simultaneously  with 
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experiment  II,  the  same  number  of  seedlings  being  used  for  each 
treatment.  The  data  are  given  in  table  III.  The  percentage 
figures  are  calculated  upon  the  basis  of  the  normal  nutrient  solution, 
growth  therein  being  considered  as  unity.  It  will  be  observed  that 
they  are  negative  in  this  case. 

TABLE  III. 

Data  for  Experiment  IV. 

Orowth  of  wheat  in  ntUrtent  solution  prepared  with  pure  vxUer  and  with  soil  ex- 
tract of  the  infertile  Miami  silt  loam. 


Cul/rUBB   MXDIUlf. 

Transpiration. 

Green  Weight. 

Grams. 

Per  cent, 
loss. 

20.8 

^              Percent 
Grams.  ^      low. 

Nutrient  solution  prepared  with  pure  water. . 
Nutrient  solution  prepared  with  soil  extract. 

120.5 
95.5 

4.2| 

3.7  i       11.9 

A  marked  deleterious  effect  was  produced  by  the  use  of  soil  extract 
instead  of  pure  water.  There  is,  therefore,  no  logical  alternative 
to  the  conclusion  that  the  extract  contains  in  solution  substances 
which  retard  the  growth  of  wheat  in  water  culture.  The  nutrient 
solution  was  a  dilute  one,  and  the  growth  of  the  plants  should  have 
been  improved  by  increasing  its  concentration.  The  optimum  con- 
centration for  the  growth  of  wheat*  in  a  similar  solution  is  about  300 
parts  per  million  of  total  salts,  while  the  solutions  employed  contained 
only  170  parts  per  millon.  An  extract  of  this  soil  had  a  total  salt 
content  of  about  68  parts  per  million,  and  thus  the  nutrient  solution 
prepared  from  the  extract  should  have  contained  in  all  not  more  than 
about  238  parts  per  million,  a  concentration  which  is  seen  to  be  far 
below  the  optimum  for  the  growth  of  this  plant.  We  must  consider, 
then,  that  the  injurious  bodies  of  the  soil  exert  their  effect  in  retarding 
growth  in  spite  of  the  slight  increase  in  concentration  produced  by 

*  Breaseale.  J.  F.  (2).  loo.  dt. 
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the  presence  of  soluble  salts  in  the  extract.  The  possible  presence  of 
injurious  substances  is  also  suggested  in  the  case  of  experiment  II, 
and  is  shown  as  probable  in  experiment  III  already  described;  for 
the  normal  soil  extract  must  have  a  slightly  higher  concentration 
than  either  distilled  water  or  the  diluted  extract,  and  yet  the  plants 
remained  in  as  good  condition  in  water  and  made  a  slightly  better 
growth  in  the  diluted  extract  than  in  that  which  was  undiluted. 

Another  method  of  attacking  the  problem  as  to  whether  the  un- 
productiveness of  this  soil  extract  is  partially  or  wholly  due  to  the 
presence  of  deleterious  substances  is  to  determine  whether  a  marked 
beneficial  effect  is  produced  by  some  treatment  calculated  to  remove 
from  the  extract,  or  to  destroy,  any  toxic  substances  that  might  be 
present,  without  at  the  same  time  adding  any  soluble  bodies  which 
might  be  of  use  to  the  plant  as  food  material,  or  which  might  increase 
the  concentration  of  the  extract.  In  certain  cases  where  toxic 
bodies  have  been  shown  to  exist  in  soil  extracts*,  these  bodies  are 
removed  or  altered  so  as  to  become  non-toxic  by  the  introduction 
into  the  extract  of  practically  insoluble  or  very  slightly  soluble 
solids  in  a  finely  divided  condition.  The  solids  which  have  so  far 
been  found  to  act  in  this  way  are  precipitated  ferric  hydrate,  carbon 
black,  aluminum  hydrate,  quartz  flour,  and  other  substances  which 
offer  a  large  surface  of  contact  with  the  extract.  The  first  two  of 
these  and  also  recently  formed  limonite  have  been  tested  with  this 
soil  extract.  Experiment  V  was  the  first  in  this  connection.  It  was 
carried  out  at  the  same  time  and  with  the  same  number  of  plants  as 
experiment  I,  and  the  same  culture  in  untreated  soil  extract  was 
used  as  control.  Table  IV  presents  the  results.  The  amount  of 
solid  added  to  each  100  cc.  of  the  extract  is  stated  after  the  name  of 

*See  Breaseale,  J.  F.  (1),  loc.  dt.  See  also  Bui.  No.  28  of  the  Bureau  of  Soils,  U.  8. 
Dept.  Act.,  On  the  influence  of  the  presence  of  solids  on  the  action  of  toxic  substances  in 
idation ;  see  True,  R.  H.,  and  Oglevee,  C.  S.,  The  effect  of  the  presence  of  insoluble  sub- 
tanees  on  the  toxic  actions  of  poisons.  Bot.  Qas.,  89,  1-21  (1905);  a  preliminary  statement 
of  these  results  appeared  in  Science  N.  S..  19,  421-424  (1004).  Also  see  Dandeno.  J.  B., 
The  relation  of  mass. action  and  physical  affinity  to  toxicity,  etc.,  Am.  Jour.  Sci.,  17,  437, 
458  (1904.) 
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the  solid.  In  this  case  and  in  those  which  are  to  follow  only  the 
percentage  gains  will  be  given,  these  being  the  only  data  which  are  of 
interest  in  these  considerations. 

TABLE  IV. 

Data  for  Experiment  V. 

Eifed  of  finely  divided  eolida  in  extract  of  the  infertile  Miami  silt  loam. 


Thbatiunt  or  Extbact. 


Ferric  hydrate,  0.5  gram 
Carbon  black,  0.1  gram. . , 


Pebckntaob  Gain. 


"By  trans-  By  green 
piration.  i  weight. 


159 
104 


68 
61 


A  comparison  of  these  results  with  table  I  shows  that  the  per- 
centage gains  here  recorded  are  as  great  as  many  of  those  obtained 
where  only  one  or  two  of  the  nutrient  salts  were  employed.  Ex- 
periment VI,  which  was  carried  on  in  the  same  series  as  experiment 
II,  showed  that  recently  formed  limonite  had  an  effect  similar  to, 
though  less  striking,  than  that  of  precipitated  ferric  hydrate.  It 
caused  a  gain  of  58  per  cent,  by  transpiration  and  16  per  cent,  by 
green  weight. 

The  ferric  hydrate  used  in  experiment  V  was  prepared  from  ferric 
nitrate  and  ammonium  hydrate,  and  was  thoroughly  washed  to 
free  it  as  far  as  possible  from  adhering  ammonia  and  anmioniiini 
nitrate.  It  was  not  allowed  to  dry,  but  was  kept  in  the  condition 
of  a  thin  paste,  and  was  added  to  the  soil  extract  in  this  form  and 
was  then  well  shaken  so  as  to  secure  its  uniform  distribution.  The 
carbon  black  was  prepared  by  the  burning  of  petroleum  and  was 
thoroughly  and  repeatedly  washed  in  boiling  water  and  then  allowed 
to  dry.  It  was  added  to  the  soil  extract  in  the  dry  form,  and  was 
thoroughly  distributed  by  stirring.  Fresh  solid  material  was  used 
whenever  the  extracts  were  renewed.    It  appears  impossible  that 


Digitized  by  VjOOQIC 


Causes  of  Unproductivity  in  a  Rhode  Island  Soil.     301 

the  marked  improvement  which  resulted  from  the  addition  of  carbon 
black  to  the  soil  extract  could  have  been  due  to  any  soluble  materia 
als  which  it  carried  into  the  solution,  and  the  reason  for  its  action 
appears  to  lie  in  its  well-known  absorptive  power. 

That  the  ferric  hydrate  used  may  have  introduced  into  the  solution 
small  amounts  of  ammonia  and  of  ammonium  nitrate  is  possible. 
It  has  been  found  in  the  laboratories  of  the  Bureau  of  Soils,  however, 
that  minute  quantities  of  nitrates  when  added  to  a  soil  extract,  or 
a  dilute  nutrient  solution,  produce  but  little  appreciable  beneficial 
effect;  and  the  amount  which  was  brought  into  solution  in  the 
extract  by  the  ferric  hydrate  here  used,  after  its  thorough  washing, 
must  have  been  exceedingly  small.  Ammonia,  prepared  so  as  to 
remove  any  toxic  metals  possibly  present,  is  still  very  toxic  to  wheat 
plants  even  in  extremely  dilute  solutions,  and  no  acceleration  has 
been  produced  by  its  use  in  any  concentration.  Thus  it  is  im- 
probable that  the  beneficial  eflFect  of  the  ferric  hydrate  was  due  to 
either  ammonium  nitrate  or  to  anmionia  itself. 

In  order  to  reduce  the  last  point  to  an  absolute  certainty,  some 
ferric  hydrate  was  prepared  from  ferric  chlorid  and  sodium  hydrate, 
thus  avoiding  altogether  the  possibility  that  ammonia  or  ammonium 
nitrate  might  be  present  in  it.  This  was  thoroughly  washed  and 
then  divided  into  two  portions,  one  of  which  was  treated  with 
ammonia  and  ammonium  nitrate  and  then  thoroughly  washed  again, 
while  the  other  received  no  further  treatment.  Thus  one  of  these 
portions  of  ferric  hydrate  should  have  been  absolutely  free  from 
ammonia  and  ammonium  nitrate,  while  the  other  may  have  contained 
a  small  amount  of  them  in  an  absorbed  state,  so  that  washing  with 
water  failed  to  remove  them.  These  two  portions  of  ferric  hydrate 
were  subjected  to  tests  in  different  portions  of  the  same  soil  extract, 
to  determine  whether  the  solid  which  had  been  treated  with  ammo- 
nia and  ammonium  nitrate  might  be  more  or  less  effective  than  the 
other  portion  which  probably  contained  small  amounts  of  sodium 
hydrate  and  sodium  chlorid. 

This  test  will  be  termed  experiment  VII.     The  soil  extract  used 
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was  from  soil  of  plat  No.  17  of  the  Rhode  Island  Agricultural  Ex- 
periment Station,  which  has  been  in  grass  for  seven  consecutive 
years  and  has  received  annually  applications  of  phosphates  and 
potassium  salts,  but  no  nitrates  nor  other  nitrogenous  manures. 
The  cultures  were  carried  on  from  July  28  to  August  12,  1905,  having 
28  plants  for  each  treatment. 


TABLE  V. 

Data  for  Experiment  Vn. 

Ejfect  of  ferric  hydrate  wUh  and  without  ammonia^  in  extract  of  a  Miami  silt  loam . 

iPlat  No.  17.) 


Tkcatiibnt  or  EbcTRAcr  ntoM  Plat  No.  17. 


Ammonia-free  ferric  hydrate. . . . 
Ammonia-treated  ferric  hydrate. 


Pebcsntaob  Gain. 


By  trans- 
piration. 


Byi 
weu^ht  of 
tops. 


34.0 
11.9 


6.7 
3.5 


It  is  apparent  at  once  that  both  lots  of  ferric  hydrate  produced 
some  improvement  in  the  growth  of  the  plants,  but  that  the  effect 
of  the  ammonia-free  material  was  more  than  double  that  of  the  other. 
This  experiment  shows  that  the  beneficial  effect  of  ferric  hydrate 
as  used  in  the  other  experiment  was  apparently  not  due  to  ammonia 
nor  ammonium  nitrate  carried  into  the  extract  by  the  solid. 

That  a  small  amount  of  soluble  iron  is  carried  into  the  extract  by 
ferric  hydrate  is  probable,  and  it  might  be  claimed  that  it  would 
bring  about  the  result  which  was  observed;  yet  in  other  cultures  to 
which  iron  was  added  in  the  metallic  state,  only  a  doubtful  beneficial 
effect  was  produced,  as  in  experiment  VIII. 

Ammonia-free  ferric  hydrate,  ammonia-treated  ferric  hydrate, 
ferric  hydrate  prepared  from  ferric  nitrate  and  ammonia,  and  metallic 
iron  were  included  in  this  series.  The  extract  used  was  made  from 
the  soil  of  the  "infertile  plats."    The  cultures  were  grown  from 
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August  27  to  September  9,  1905,  28  plants  being  used  for  each  treat- 
ment. The  results  are  given  in  table  VI.  Ferric  hydrate,  when 
indicated  in  the  table,  was  shaken  up  with  the  soil  extract  and 
filtered  out.  The  filtrate  was  then  used  for  the  cultures.  The 
treatment  with  metallic  iron  consisted  in  adding  about  one-half  of 
a  gram  of  pure  granular  iron  to  each  bottle  and  allowing  this  to 
remain  during  the  growth  of  the  plants. 

TABLE  VI. 

Data  for  Experiment  VIII. 

Effects  of  three  preparations  of  ferric  hydrate  ^  when  shciken  with  the  soU  extract 
and  filtered  out,  and  of  metallic  iron. 


Amnonia-free  ferric  hydrate 

Ammonia-treated  ferric  hydrate 

Ferric  hydrate  made  from  nitrate  and  ammonia 

Metallic  iron  (c.  p.)  added  in  small  amount  to  extract . 


Percbntaok  Yabi- 

ATION. 


By  trans- 
piration. 


182.9 
67.2 

139.9 
11.2 


By  sreen 

weisnt  of 

tops. 


0.0 

3.1 

4.7 

—2.0 


This  experiment  agrees  with  experiment  VII,  as  far  as  transpira- 
tion is  concerned,  in  regard  to  the  relative  effects  of  the  first  two 
preparations  of  ferric  hydrate.  The  variations  in  green  weight  are 
seen  to  be  very  slight  in  this  case.  The  effect  of  metallic  iron  when 
present  in  the  extract  during  the  growth  of  the  plants  appears  to 
be  very  small  and  doubtful  in  its  direction,  inasmuch  as  it  was  positive 
by  transpiration  and  negative  by  green  weight. 

Since  the  ferric  hydrate  here  used  was  not  allowed  to  remain  in 
contact  with  the  soil  extract  during  the  growth  of  the  plants,  but 
was  filtered  out  before  the  latter  were  placed  in  the  extract,  the 
increase  in  transpiration  following  this  treatment  must  have  been 
due  to  some  action  of  the  solid  upon  the  soil  extract  rather  than 
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upon  the  roots  themselves,  or  to  its  action  upon  substances  which 
may  have  been  excreted  from  the  roots  or  produced  by  the  action 
of  other  organisms  during  the  growth  of  the  wheat  plants. 

In  addition  to  what  has  been  said  above  regarding  the  effect  of 
ferric  hydrate,  it  is  well  known  that  practically  all  soils  contain 
enough  iron  for  plant  growth;  and  it  has  been  found  by  experiment 
in  the  laboratories  of  the  Bureau  of  Soils  that  a  slight  increase  in 
the  anK)unt  of  soluble  iron  in  several  different  soil  extracts  failed  to 
produce  any  marked  improvement  in  the  plants. 

That  carbon  black  exerts  its  effects  here  mainly  upon  the  soil 
extract  rather  than  upon  the  roots  of  the  plants  or  upon  substances 
possibly  excreted  from  these  organs,  was  shown  by  experiment  IX. 
In  this  experiment,  extending  from  September  14  to  29,  1905,  24 
plants  were  used  in  each  treatment  and  the  transpiration  data  were 
taken  for  eight  days.  The  results  above  show  that  when  the  carbon 
black  was  left  in  the  extract  it  produced  an  increase  of  177.5  p>er 
cent,  by  transpiration  and  45  per  cent,  by  green  weight,  while  when 
the  solid  was  filtered  out  before  the  cultures  were  prepared  the 
increase  was  217.7  per  cent,  by  transpiration  and  53.3  per  cent,  by 
green  weight. 

From  the  results  given  above  it  may  be  concluded  as  practically 
certain  that  ferric  hydrate  exerts  its  effect  through  its  absorptive 
power,  and  it  is  probable  that  carbon  black,  which  also  accelerates 
growth,  is  effective  in  the  same  manner.  This  indicates  that  the 
effect  of  these  solids  is  probably  not  to  add  any  soluble  material  to 
the  extract,  but  to  remove  some  material  from  solution.  And  since 
this  removal  of  some  substance  or  substances  from  the  extract  pro- 
duces a  marked  increase  in  the  growth  of  wheat,  we  are  brought 
finally  to  the  conclusion  that  the  extract  used  in  these  cultures 
contained  injurious  bodies  which  are  removed  or  rendered  non- 
injurious  through  the  absorbent  action  of  finely  divided  solids.  It 
will  be  recalled  that  Voelcker*  found  a  soil  extract  to  be  toxic,  and 

*  Jour.  Roy.  Acr.  Soo.  England,  64,  361  (1903). 
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Wheeler*  etal.  in  1895  suggested  the  possible  presence  of  even  non- 
acid  toxic  substances  in  soils. 

It  appears  to  be  probable  from  evidence  obtained  in  the  labora- 
tories of  the  Bureau  of  Soilsf  that  there  is  considerable  truth  in  the 
theory  advanced  by  De  CandoUe  in  his  Vegetable  Physiology,  and 
that  wheat  plants  do  excrete  substances  from  their  roots  which  are 
toxic  to  themselves.  These  substances  seem  to  be  more  or  less  altered 
or  removed  from  solution  by  the  presence  of  either  carbon  black  or 
ferric  hydrate  in  the  nutrient  medium.  From  this  fact  it  may  be 
possible  that  some  of  the  deleterious  bodies  which  are  met  with  in 
the  culture  tests  in  the  extract  of  the  infertile  Miami  silt  loam  were 
derived,  at  least  in  part,  from  the  roots  of  the  very  plants  used  in  the 
cultures.  This  is  possible  and  to  a  certain  extent  probable  even 
in  those  cases  where  the  solid  was  not  filtered  out,  owing  to  a  lack 
of  complete  efficiency  of  the  solid;  but  the  conclusion  that  the  soil 
extract  at  the  outset  contained  deleterious,  substances  and  that  these 
were  partly  removed  or  rendered  much  less  toxic  by  the  effect  of  the 
absorbing  agents  is  rendered  highly  probable  by  the  suggestions  and 
facts  brought  out  by  experiments  II,  III,  IV,  VIII,  and  IX. 

Another  solid  which,  when  used  in  the  same  way,  is  even  more 
markedly  beneficial  than  the  solids  just  discussed,  is  calcium  car- 
bonate. It  would  hardly  seem  possible  that  the  addition  of  this  ^alt 
to  the  soil  extract  could  produce  a  strikingly  beneficial  effect  merely 
through  the  soluble  calcium  added.  Calcium  is  one  of  the  elements 
necessary  to  plant  growth,  but  it  is  required  by  most  plants  in  very 
small  amounts,  and  wheat  seedlings  do  not  suffer  appreciably  from 
its  absence  in  the  nutrient  medium  during  the  first  few  weeks  of 
their  growth.  In  the  case  of  extract  of  Takoma  soil  (see  Bulletin 
No.  28,  Bureau  of  Soils),  it  was  found  that  calcium  carbonate  had  a 
very  marked  beneficial  effect  just  as  it  had  here.  In  that  case  it 
was  shown  that  this  effect  could  not  be  related  to  calcium  as  a  plant- 
food  constituent,  because  calcium  sulfate,  although  slightly  beneficial, 

*  Ell^th  Ann.  Bpt.,  R.  I.  A«r.  Expt.  Sta.  (1895),  p.  260;  also  Rpt.  for  1900.  p.  324. 
tBreMoale,  J.  F.  (1),  loo.  dt.     Also  Bullotin  No.  28.  Bureau  of  Soils.  U.  S.  Dept.  ot  Agr. 
18 
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failed  to  show  an  eflFect  parallel  to  that  of  the  carbonate.  The  sulfate 
was  tried  in  the  present  instance,  but  with  this  soil  extract  it  had  as 
marked  an  effect  as  the  carbonate.'*'  Experiment  X  included  treat- 
ment of  an  extract  of  the  infertile  Miami  silt  loam  with  calcium  carbo- 
nate by  leaving  the  solid  in  contact  with  the  solution  during  the  growth 
of  the  plants  and  likewise  by  filtering  it  off  before  the  plants  were 
placed  in  the  medium.  It  also  included  treatment  with  calcium 
sulfate,  at  the  rate  of  210  parts  per  million,  and  a  triple  treatment 
which  consisted  in  shaking  the  extract  with  calcium  carbonate, 
filtering  out  the  excess,  and  then  adding  both  ferric  hydrate  and  car- 
bon black,  the  latter  solids  remaining  in  the  extract  during  the  growth 
of  the  plants.  This  experiment  was  carried  on  simultaneously  with 
experiment  II,  the  same  number  of  plants  was  employed  and  the 
same  set  of  cultures  in  untreated  extract  was  used  as  control.  The 
results  are  given  in  table  VII. 

TABLE  VII. 

Data  for  Expeiument  X. 

Effect  of  calcium  carbonate  upon  extract  of  infertile  Miami  silt  loam. 


Trbatmsnt. 


Pkbcsmtaob  Gaik. 


B^traii»- 
piration. 


By  sreen 

weight  of 

tops. 


Calcium  carbonate  in  excess  0.5  per  cent 

Calcium  carbonate,  filtered  out 

Calcium  sulfate,  210  p.  p.  m 

Calcitun  carbonate,  filtered  out,  ferric  hydrate  and  carbon 
black,  not  filtered  out 


139 
106 
134 

363 


23 

16 


*  Id  pot  and  field  trials  at  the  R.  I.  Station,  in  soil  located  but  a  few  feet  distant  from  the 
soil  employed  in  this  instance,  the  action  of  calcium  sulfate  was  found  to  be  much  inferior 
to  that  of  calcitmi  carbonate  when  the  actual  amounts  of  caldum  oxid  were  identical.  See 
Sixth  Ann.  Rpt..  R.  I.  Agr.  Expt.  Station  (1803).  p.  257 ;  also  Eighth  Ann.  Rpt.,  R.  I.  Agr. 
Expt.  Station  (1895),  p.  269.  This  shows  that  one  can  not  necessarily  conclude  from  water 
cultures  what  will  result  in  the  soil  itself. — H.  J.  Whbelbb. 
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It  appears  that  when  the  carbonate  is  shaken  with  the  extract  and 
then  filtered  out  it  has  a  somewhat  less  marked  effect  than  when  it  is 
left  in  contact,  and  that  calcium  sulfate  has  about  the  same  effect  as 
the  carbonate  when  the  latter  is  not  filtered  out.  It  also  appears  that 
after  treating  with  calcium  carbonate  and  filtering,  the  extract  was 
further  improved  by  the  addition  of  ferric  hydrate  and  carbon  black. 
A  test  of  the  effect  of  ferric  hydrate,  carbon  black,  and  calcium  car- 
bonate, all  left  in  contact  with  the  extract,  constituted  experiment 
XI,  which  was  carried  on  in  the  same  series  as  experiment  I.  The 
result  showed  a  gain  of  226  per  cent,  by  transpiration  and  81  per  cent, 
by  green  weight.  The  effect  of  the  carbonate  may  be  partly  due  to 
its  absorbent  power  as  a  finely  divided  solid,  but  the  effect  of  the  sul- 
fate can  not  be  explained  in  this  manner,  since  the  salt  was  added  in 
solution.  Therefore,  since  the  latter  salt  is  just  as  effective  as  the 
carbonate,  it  appears  probable  that  soluble  calcium,  either  as  sulfate 
or  carbonate  is  an  active  agent  in  correcting  the  toxicity  of  the  soil 
extract.  It  is  possible  that  the  toxic  substances  of  the  extract  are 
altered  by  the  presence  of  thesecalcium  salts  in  solution  so  as  to 
become  non-toxic. 

Although,  as  has  been  noted  above,  it  is  improbable  that  the  effect 
of  the  calcium  salts  is  wholly  due  to  their  nutrient  value,  yet  this 
point  has  not  yet  been  established  on  an  experimental  bask.  There 
is  at  least  one  other  substance,  however,  which  has  a  beneficial  effect 
and  which  can  not  possibly  be  considered  as  a  plant-food  constituent. 
This  is  pyrogallol,  which  contains  nothing  but  carbon,  hydrogen  and 
oxygen,  and  can  therefore  possess  no  nutrient  value.  As  in  the  case 
of  the  extracts  of  Takoma  soil  (Bui.  No.  28,  Bureau  of  Soils,  U.  S. 
Dept.  Agr.),  small  amounts  of  this  phenol  were  found  to  have  a 
marked  beneficial  effect  upon  the  present  extract.  The  test  of  this, 
experiment  XII,  was  included  in  the  same  series  with  experiment  II 
and  comprised  the  same  number  of  plants.  The  treatments  and  re- 
sults are  shown  in  table  VIII.  The  phenol  was  added  in  solution 
so  as  to  give  several  different  concentrations  in  the  extract.  It  was 
found  in  the  case  of  the  Takoma  soil  that  large  amounts  of  pyrogallol 
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had  an  injurious  effect,  but  that  the  injury  was  avoided  without  at 
the  same  time  destroying  the  beneficial  effect  of  the  phenol  by  neu- 
tralizing it  with  trimethylamine.  In  the  present  experiment  the 
phenol  was  added  at  the  rate  of  40  parts  per  million,  and  then  enough 
trimethylamine  was  added  to  neutralize  the  acidity  of  the  treated 
extract. 

TABLE  Vni. 

Data  for  Experiment  XII. 

Effect  of  pyrogaUol  upon  extract  of  the  infertile  Miami  silt  loam. 


Trbatmbnt  or  Eictbact. 


Pyrogallol    1  p.  p.  m 

PyrogaUol    5  p.  p.  m 

Pyrogallol  10  p.  p.  m 

Pyrogallol  25  p.  p.  m 

Pyrogallol  40  p.  p.  m.,  neutralized 


Pbb  Cent.  Varia- 
tion. 


B^  trans- 
piration. 


10 
24 
53 
93 
83 


By  men 

weight  of 

tops. 


6 
3 
6 


The  figures  show  that  pyrogallol  was  undoubtedly  beneficial.  The 
effect  was  quite  marked,  as  shown  by  transpiration  figures,  but  prac- 
tically no  diflferences  were  shown  by  the  green  weight  of  tops.  In 
general  appearance  the  plants  showed  the  effect  as  markedly  as  do 
the  transpiration  figures. 

Since  the  results  here  presented  can  not  be  explained  on  the  ground 
that  a  nutrient  substance  had  been  added,  and  since  the  amount  of 
pyrogallol  added  was  not  sufficient  to  alter  the  physical  concentration 
of  the  soil  extract  to  any  appreciable  degree,  the  logical  conclusion 
seems  to  be  that  the  toxic  substances  of  the  extract  are  so  acted  upon 
by  the  pyrogallol  as  to  become  less  injurious.  In  this  regard  this  soil 
is  similar  to  Takoma  lawn  soil,  though  the  effect  of  the  phenol  is  lees 
pronounced. 
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In  connection  with  experiment  I,  attention  was  called  to  the  fact 
i;bat  the  transpiration  and  weight  of  plants  grown  in  this  soil  extract 
were  markedly  increased  by  the  addition  of  the  nutrient  salts.  But 
since  similar  results  to  a  greater  or  less  extent  can  be  obtained  without 
the  addition  of  nutrient  material,  as  in  experiments  with  pyrogallol, 
ferric  hydrate,  and  carbon  black,*  it  seems  possible  that  in  some  cases 
the  addition  of  these  nutrient  substances  may  have  an  effect  aside 
from  merely  increasing  the  nutrient  value  of  the  solution.  This  view 
is  strongly  supported  by  the  observation,  made  in  experiment  X,  that 
calcium  sulfate  when  added  to  the  extract  in  the  proportion  of  210 
parts  per  million  produced  such  a  marked  gain  in  transpiration  and 
green  weight,  and  by  a  further  observation  that  sodium  chlorid  in  the 
proportion  of  230  parts  per  million  acted  in  the  same  way.  The  last 
observation  was  made  in  experiment  XIII,  which  was  included  in 
the  series  with  experiment  II,  having  the  same  number  of  plants  and 
the  same  control.  Sodium  chlorid,  added  to  the  soil  extract  in  the 
proportion  of  230  parts  per  million,  produced  a  gain  of  34  per  cent, 
'by  transpiration  and  13  per  cent,  by  green  weight.  It  will  be  noticed 
that  this  treatment  was  not  as  effective  as  the  addition  of  the  usual 
nutrient  salts  nor  as  the  addition  of  calcium  sulfate.  It  is  possible 
that  sodium  chlorid  failed  to  show  as  great  an  increase  as  the  other 
salts  because  of  the  toxic  and  therefore  retarding  effect  of  the  chlorin 
ion.  The  toxic  action  of  certain  chlorids  in  pot  experiments  in  the 
absence  of  basic  compounds  has  been  shown  by  the  Rhode  Island 
Agricultural  Experiment  Station,  but  in  the  presence  of  basic  sub- 
stances no  apparent  toxic  action  was  observed. 

The  question  regarding  the  effect  of  concentration  of  the  nutrient 
■solution  on  the  growth  of  plants  is  discussed  in  a  paper  already  cited,t 
and  the  suggestion  is  there  made  that  the  effect  of  higher  concentra- 
tion in  improving  the  growth  of  the  plants  is  probably  due  to  some 
alteration  thus  produced  in  the  relation  between  the  plant  and  the 
toxic  substance  excreted  by  its  roots.    It  is  stated  that: 

*  Whether  the  ealoium  sulfate  and  oaldum  carbonate,  which  were  highly  beneficial,  are 
to  be  regarded  as  nutrients  or  otherwise  in  this  connection  is  still  an  open  question, 
t  Breaseale.  J.  F..  loo.  dt.  (2). 
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"  The  effect  of  increase  in  concentration  may  be  explained  by  one 
or  more  of  the  three  following  hypotheses  :  The  higher  concentra- 
tion may  make  the  plant  more  resistant  to  the  poisons ;  it  may 
actually  prevent  the  excretion  of  such  poisons  from  the  roots ;  or 
with  higher  concentration  of  salts  the  poisons  themselves  may  be 
altered  so  as  to  lose  their  toxic  properties." 

In  the  case  of  these  soil  extract  experiments  where  the  solution  is 
changed  frequently,  a  beneficial  effect  due  to  an  increase  in  concen- 
tration by  the  addition  of  salts  is  hardly  possible,  excepting  through 
the  first  and  last  of  the  three  means  suggested.  The  higher  concen- 
tration may  cause  the  plant  to  become  more  resistant  to  the  toxie 
bodies  of  the  extract,  or  these  bodies  themselves  may  be  altered  so  as 
to  become  non-toxic.  It  is  at  present  impossible  to  decide  finally 
between  these  possibilities. 

Two  experiments  were  carried  out  in  order  to  make  possible  a  com- 
parative study  of  the  effects  produced  in  the  extract  of  the  infertile 
soil  by  carbon  black,  ferric  hydrate,  the  maniirial  salts,  and  sodium 
chlorid.  Experiment  XIV  dealt  with  ferric  hydrate  and  comprised 
24  plants.  It  continued  from  September  8  to  September  23,  1905,. 
the  transpiration  being  for  the  last  nine  days  of  the  period.  The 
treatments  and  results  are  given  in  table  IX.  In  Nos.  3  and  4  the 
soUd  and  soluble  salts  were  both  present  throughout  the  growth  of 
the  plants.  The  total  salt  content  in  No.  1  was  254  p.  p.  m.;  there- 
fore the  total  percentage  of  salts  was  the  same  in  all  three  treatments 
in  which  they  were  employed.  This  was  also  true  of  all  the  following 
experiments. 
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TABLE  IX. 

Data  for  Experiment  XIV. 

Relative  effects  of  ferric  hydrate,  manurial  salts,  and  sodium  chlorid  in  extract  of 
the  infertile  Miami  sUt  loam. 


1 


Tbbatmbnt  or  Extract. 


By  trftns- 
piration. 


NO„K,  PO^,  each   50  p.p.m.,  in    NaNO,,   K,SO^   and 
Na,HPO^ 


2  Ferric  hydrate,  not  filtered  out 

3  Treatment  of  (2)  and  (1) 

4  .Treatment  of  (2)  +  NaCl  254  p.p.m. . . 


PxmcsNTAOB  Gain. 


317.6 
247.6 
323.4 
230.6 


By  ^reen 
weight. 


137.6 

114.0 

129.1 

50.2 


It  is  seen  from  the  table  that  all  of  the  treatments  had  a  very 
marked  beneficial  effect.  The  effect  of  the  manurial  salts,  with  or 
without  the  solid,  was  considerably  greater  than  that  of  the  solid 
(ferric  hydrate),  while  the  effect  of  sodium  chlorid  with  the  solid  was 
less  than  that  of  either  the  manurial  salts  or  the  ferric  hydrate  when 
used  alone.  It  thus  seems  clear  that  the  effect  of  the  solid  was  not 
diminished  by  the  presence  of  manurial  salts,  but  that  this  effect  was 
diminished  by  the  presence  of  sodium  chlorid.  This  strengthens 
still  further  the  suggestion  made  above,  that  the  latter  salt  had  an 
injurious  effect  in  the  extract. 

Experiment  XV  dealt  with  carbon  black,  and  comprised  24  plants 
for  each  treatment.  It  extended  from  September  14  to  September 
29,  1905,  the  transpiration  data  being  taken  during  the  last  eight 
days.    The  treatments  and  results  are  shown  in  table  X. 
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TABLE  X. 

Data  fob  Expbbiment  XV. 

Relative  effecte  of  carbon  black,  manurial  aaJUy  and  eodium  chlarid  in  extract  of' 
the  infertile  Miami  silt  loam. 


Tbkatmgkt  of  Extract. 


NO3,  K  and  PO^,  each  50p.  p.  m.,  in  NaNO,,  K^SO^  and 
Na.HPO^ 

Carbon  black,  filtered  out 

Treatment  of  (2)  and  (1) 

Treatment  of  (2)  +  NaCl  254  p.  p.  m , 

Carbon  black,  not  filtered  out 

Treatment  of  (6)  and  (1) 

Treatment  of  (5)  +  NaCl  254  p.  p.  m 


Pbbcbmtaob  Gaix. 


B:^tran0- 
prntion. 


458.3 
217.7 
563.4 
164.8 
177.5 
537.9 
215.2 


weight. 


194.4 
53.8. 

191.7 
61.5 
45.0^ 

240.7 
74.2 


This  experiment  agreed  with  the  last  in  that  both  manurial  salts 
and  carbon  black  had  a  marked  beneficial  effect,  and  also  in  that  the 
beneficial  effect  of  the  manurial  salts  was  greater  than  that  of  the 
solid,  this  being  true  whether  the  latter  was  filtered  out  or  not. 
When  either  method  of  carbon  treatment  was  used  in  connection  with 
the  manurial  salts  the  combined  effect  was  greater  than  that  of" 
either  when  used  alone.  This  single  experiment  indicated  that  the 
additional  carbon  treatment  somewhat  improved  the  effect  produced 
by  the  manurial  salts  alone,  which  was  not  observed  in  the  preceding 
experiment  with  ferric  hydrate.  When  the  solid  was  filtered  out,  the 
addition  of  sodium  chlorid  to  the  treated  extract  produced  no  marked 
additional  increase  in  growth,  although  the  two  criteria,  transpiration 
and  green  weight,  are  not  in  accord  on  this  point.  When  the  carbon 
black  was  not  filtered  out,  the  addition  of  the  last-named  salts  pro- 
duced a  definite  improvement.     It  appears  possible,  therefore,  that. 
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ft  part  of  the  effect  produced  by  the  manurial  salts  may  have  been 
due  to  an  increase  in  the  concentration  of  the  soil  extract,  that  sodium 
chlorid  had  a  smaller  effect  in  the  same  way,  and  that  carbon  black 
had  an  effect  in  some  manner  different  from  and  practically  inde- 
pendent of  the  other  two  treatments. 

To  compare  the  results  of  the  last  two  experiments  upon  the  in- 
fertile soil  with  the  effects  produced  upon  good  soils,  the  three  fol- 
lowing experiments  were  performed:  Experiments  XVI  and  XVII 
were  similar  to  experiment  XV,  and  dealt  with  ferric  hydrate  and  car- 
bon black,  respectively,  in  an  extract  of  soil  from  plat  29  of  the  Rhode 
Island  Agricultural  Experiment  Station.  This  plat  has  been  treated 
annually  with  but  few  exceptions  for  a  period  of  twelve  years  with 
approximately  800  pounds  of  dissolved  bone-black;  300  pounds 
muriate  of  potash;  465  pounds  sodium  nitrate;  and,  for  a  lesser 
period  of  time,  400  pounds  sulfate  of  magnesia  per  acre.  Three  ap- 
plications of  lime  were  made  during  the  entire  period.  The  plat  was 
in  legumes  at  the  time  the  sample  was  taken,  and  the  growth  of  cer- 
tain varieties  of  these  plants  showed  the  soil  to  be  in  good  condition, 
while  other  varieties  showed  the  reverse  to  be  true.  At  all  events 
this  soil  stands  in  marked  contrast  to  the  infertile  soil  with  which  the 
preceding  experiments  (excepting  experiment  VII)  have  had  to 
deal,  for,  as  is  stated  on  page  292,  that  soil  was  in  an  exceedingly 
poor  condition,  as  shown  by  the  last  crop  grown  upon  it. 

Experiment  XVI  comprised  24  plants  for  each  treatment.  It  was 
continued  from  September  24  to  October  9,  1905,  the  transpiration 
measurements  being  made  during  the  last  ten  da3rs.  The  results  are 
presented  in  table  XI. 
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TABLE  XI. 

Data  for  Experiment  XVI. 

Relative  effects  of  ferric  hydrate,  manwrial  salte,  and  sodium  chhrid  in  extracts  of 
soil  from  Plat  29,  Rhode  Island  Agrictdtural  Experiment  Station, 


FBBCKxn'AaB  Vabi- 

ATZON. 


Tbbatmknt  or  Extbact. 


B^  trana- 
piratioD. 


weicht. 


NO,,  K   and  PO^,  50  p.  p.  m.  each,  in  NaNO,,  K^SO^, 

Na^HPO^ I  172.7 

Ferric  hydrate,  filtered  out I    91.1 

Treatment  of  (2)  and  (1) 214.7 

Treatment  of  (2)  +  NaCl  264  p.  p.  m !    96.5 

Ferric  hydrate,  not  filtered  out |    85 .3 

Treatment  of  (5)  and  (1) '  207.4 

Treatment  of  (5)  +  NaCl  254  p.  p.  m 135.5 


95.7 

2.4 

112.0 

13.7 
—2.8 
103.8 

16.6 


Experiment  XVII  comprised  24  plants  for  each  treatment,  and 
was  continued  from  October  2  to  October  16,  1905,  transpiration 
being  determined  for  the  last  five  days.  The  results  are  given  in 
table  XII. 
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TABLE  Xn. 

Data  for  Expbrhocnt  XVII. 

Relative  effects  of  carbon  black,  manurial  aaltM,  and  9odiuin  chlorid  in  extract  of 
9oU  from  Plat  29,  Rhode  Island  Agricultural  Experiment  Station. 


Tkiaticmmt  or  Extract. 


NO,,  K  and  PO^,  50  p.  p.  m.  each,  in  NaNO,,  K,SO^  and 
Na^HPO^ 

Carbon  black,  filtered  out 

Treatment  of  (2)  and  (1) 

Treatment  of  (2)  +  NaCl  254  p.  p.  m 

Carbon  black,  not  filtered  out 

Treatment  of  (5)  and  (1) 

Treatment  of  (5)  +  NaCl  254  p.  p.  m.. 


Pebcbntaob  Vabi- 

ATXON. 

Bytran»-By  fr^tn 
piration.    w«icht. 

117.9 

88.1 

17.2 

—10.3 

110.0 

77.8 

55.8 

24.2 

20.8 

—31.4 

76.6 

73.1 

20.2 

5.6 

In  these  experiments  the  effect  of  the  manurial  salts  when  used 
alone  was  much  less  than  in  the  case  of  the  poor  soil,  as  should  be 
expected  from  general  field  experience,  for  this  soil  has  a  compara- 
tively high  productive  power,  and  is  probably  not  capable  of  very 
marked  improvement  for  most  varieties  of  plants.  The  effects  of 
ferric  hydrate  and  carbon  black  were  far  less  beneficial  than  in  the 
case  of  the  infertile  soil.  They  were  both  helpful  in  this  instance, 
as  concerns  the  transpiration,  but  these  effects  become  practically 
negligible,  in  view  of  the  accompanying  losses  in  green  weight,  in 
three  of  the  four  instances.  The  effect  of  the  manurial  treatment 
was  benefited  to  some  extent  by  treatlnent  with  ferric  hydrate, 
yet  these  differences  were  too  small  to  be  strongly  conclusive.  Its 
effect  was  diminished  by  a  similar  additional  treatment  with  carbon 
black.  When  the  sodium  chlorid  treatment  followed  that  with 
ferric  hydrate  where  the  latter  was  removed  by  filtering,  the  corn- 
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bined  effect  was  a  little  greater  than  with  the  solid  alone,  and  this 
condition  was  much  more  decided  when  the  chlorid  was  added  to 
the  extract  with  the  ferric  hydrate  remaining  in  contact.  When 
the  extract  was  shaken  with  carbon  black  and  the  solid  filtered  out,, 
and  then  sodium  chlorid  added,  the  chlorid  seemed  to  be  beneficial; 
but  its  effect  was  slightly  injurious,  as  indicated  by  the  transpiration^ 
when  carbon  black  was  allowed  to  remain  in  the  extract.  It  should 
be  borne  in  mind,  however,  that  many  of  the  differences  were  too 
small  to  have  any  particular  significance. 

Experiment  XVIII  was  similar  to  experiments  XVI  and  XVIIf 
but  was  carried  out  with  an  extract  of  soil  from  plat  11  of  the  Rhode 
Island  Agricultural  Experiment  Station.  This  is  one  of  the  plats  in 
rotation  "C."  The  rotation  used  is  winter  rye,  clover,  and  pota- 
toes, each  one  year.  During  the  season  of  1905  this  plat  was  in 
potatoes.  The  manurial  treatment  in  the  earlier  years  of  the  rota- 
tion is  described  in  Bulletin  No.  74  (1900).  In  the  later  years  only 
minor  changes  have  been  made.  The  soil  is  in  good  agricultural 
condition,  as  shown  by  the  recent  crops  taken  from  it.  The  present 
experiment  comprised  24  plants  for  each  treatment,  and  continued 
from  October  2  to  October  17,  1905,  transpiration  being  determined 
for  the  last  five  days.    The  results  are  given  in  table  XIII. 
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TABLE  Xin. 

Data  for  Experiment  XVIII. 

ReUUive  effects  of  torbon  Hack,  ferric  hydrate^  manurial  salta,  and  sodium  chlqrid  in 
extract  of  soU  from  Plat  11,  Rhode  Island  Agricultural  Experiment  StaHon. 


Trbatmknt  of  Extract. 


PEmCBNTAOE  GaIN. 

By  trana- 
piration. 

BygrM» 
weight. 

139.7 

99.1 

45.9 

9.2^ 

167.0 

113.0 

63.9 

9.r 

106.1 

a 

150.1 

80.6- 

64.9 

19.4 

51.5 

8.4 

177.3 

115.2 

60.8 

15.1 

42.8 

1.7 

153.6 

128.7 

47.4 

23.2 

NO,,  K  and  PO^,  50  p.p.m.  each,  in  NaNO,,  K^SO^  and 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 


Na^HPO. 


Carbon  black,  filtered  out 

Treatment  of  (2)  and  (1) 

Treatment  of  (2)  +  NaCl,  254  p.p.m. . 

Carbon  black,  not  filtered  out 

Treatment  of  (5)  and  (1) 

Treatment  of  (5)  +  NaCl,  254  p.p.m 


Ferric  hydrate,  filtered  out 

Treatment  of  (8)  and  (1) 

Treatment  of  (8)  +  NaCl,  254  p.p.m 

Ferric  hydrate,  not  filtered  out 

Treatment  of  (11)  and  (1) 

Treatment  of  (11)  +  NaCl,  254  p.p.m 


ThiB  soil  resembles  that  of  plat  29,  giving  only  comparatively 
slight  increases  with  manurial  salts,  with  ferric  hydrate  or  with 
carbon  black,  as  compared  with  the  first  one  employed.  As  was 
noted  in  the  case  of  the  soil  of  plat  29,  this  failure  is  probably  related 
to  the  fact  that  this  soil  already  has  a  relatively  high  productive 
power  and  can  not  be  improved  by  any  treatment.  As  before,  the 
maniirial  salts  gave  a  much  greater  increase  in  green  weight  and 
transpiration  than  the  two  solids.  The  combination  of  ferric  hydrate 
or  of  carbon  black  with  the  manurial  salts,  excepting  the  green  weight 
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in  No.  6,  gave  a  greater  increase  than  was  produced  by  either  treat- 
ment alone.  The  addition  of  sodium  chlorid  to  the  extract  which 
had  already  been  treated  with  ferric  hydrate  or  carbon  black  pro- 
duced a  very  slight  increase  above  what  would  have  been  obtained 
without  the  chlorid;  indeed  a  negative  effect  on  the  transpiration 
was  produced  by  the  chlorid  in  No.  7,  which  was  treated  with  carbon 
black  not  filtered  out. 

From  the  results  obtained  in  experiments  XIV  to  XVIII,  the 
most  obvious,  and  likewise  the  most  important,  conclusion  to  be 
drawn  is  that  in  the  case  of  the  extracts  of  the  infertile  soil  the 
manurial  treatment  and  the  treatments  with  ferric  hydrate  and 
carbon  black  were  much  more  beneficial  than  the  same  treatments 
in  the  case  of  the  good  soils  of  plats  29  and  11.  These  experiments 
also  show  clearly  that  the  effect  of  the  manurial  salts  was  much 
greater  on  the  extracts  of  both  poor  and  good  soils  than  the  effects 
produced  by  treatment  of  the  extracts  with  the  absorbing  solids, 
ferric  hydrate  and  carbon  black. 

The  beneficial  effects  derived  from  the  solids  in  experiments  XIV 
to  XVIII  were  always  increased  by  the  further  treatment  of  the 
extract  with  manurial  salts.  The  effect  of  the  manurial  treatment 
is  shown  to  have  been  increased  somewhat  by  ferric  hydrate,  whether 
the  solid  was  filtered  out  or  not,  even  in  the  case  of  the  extracts  of 
the  two  good  soils.  In  the  case  of  the  poor  soil  the  only  test  bearing 
upon  this  point  is  that  of  experiment  XIV,  in  which  the  solid  was 
left  in  the  extract.  In  that  test  the  criterion  of  transpiration  showed 
the  effect  of  the  manurial  salts  to  be  increased  by  the  solid,  while 
the  criterion  of  green  weights  showed  the  opposite.  Therefore,  the 
test  is  inconclusive.  In  the  case  of  the  poor  soil  the  effect  of  the 
manurial  salts  was  increased  by  further  treatment  of  the  extract 
with  carbon  black  when  the  solid  was  not  filtered  out.  When  this 
solid  was  filtered  out  the  evidence  from  the  two  criteria,  transpira- 
tion and  green  weight,  is  discordant.  A  consideration  of  the  large 
positive  effect  exhibited  by  the  former  criterion  and  of  the  small 
negative  effect  exhibited  by  the  latter  can  merely  be  said   to  be 
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suggestive  in  the  same  line.  With  the  extract  of  the  good  soil  from 
plat  29  the  carbon  treatment  diminished  the  eflEect  of  the  manurial 
salts.  In  the  extract  of  soil  from  plat  11  the  eflEect  of  the  manurial 
salts  was  increased  by  carbon  black  when  filtered  oflf,  but  when  the 
solid  was  left  in  the  extract  there  was  again  a  discrepancy  between 
the  two  criteria,  transpiration  showing  an  increase  and  green  weight 
a  decrease. 

Summarizing  the  points  brought  out  in  the  last  paragraph:  The 
injurious  eflEects  of  the  solids  were  overcome  in  all  cases  and  the 
beneficial  effects  of  the  solids  were  increased  in  other  instances  by 
the  addition  of  manurial  salts.  The  eflEect  produced  by  the  manurial 
salts  was  slightly  improved  by  ferric  hydrate  in  the  case  of  the  two 
good  soils,  conclusive  data  being  lacking  for  the  poor  soil.  The 
effect  of  the  manurial  salts  was  probably  improved  by  carbon  black 
as  shown  by  transpiration  and  green  weight,  except  for  a  lesser 
green  weight  in  one  of  the  two  trials,  in  the  case  of  the  poor  soil. 
This  eflfect  was  diminished  by  carbon  black  in  the  case  of  the  soil 
from  plat  29,  and  was  by  no  means  shown  to  be  positively  increased 
in  that  of  the  soil  from  plat  11. 

It  has  been  pointed  out  in  earlier  paragraphs  that  the  soil  extracts 
were  often  apparently  benefited  (1)  by  increasing  their  physical 
concentration,  though  in  some  instances  injury  resulted;  (2)  by 
increasing  the  amount  of  manurial  salts;  and  (3)  by  removing  or 
altering  the  toxic  bodies  which  appear  to  be  present  in  them.  The 
beneficial  eflfect  of  carbon  black  and  feme  hydrate  appears  to  have 
been  due  probably  to  the  removal  or  alteration  of  toxic  bodies. 
The  beneficial  effect  of  the  manurial  salts  may  be  brought  about  in 
all  three  of  the  ways  mentioned,  though  no  positive  evidence  of  the 
latter  action  has  been  brought  forward.  Addition  of  these  salts 
assuredly  increases  the  concentration  (and  that  without  the  addition 
of  a  toxic  body  like  sodium  chlorid),  increases  the  supply  of  mineral 
nutrient  materials,  and  may  possibly  bring  about  chemical  changes 
in  the  toxic  bodies  of  the  extract,  resulting  in  their  becoming  less 
toxic.     To  separate  the  well-established  nutrient  value  of  a  salt 
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from  this  suggested  sanitary  value,  which  appears  to  exist,  and  to 
«how  positively  the  actual  existence  and  extent  of  the  latter,  must 
require  very  extensive  and  painstaking  work.  The  present  con- 
tribution can  not  be  said  to  have  done  more  than  to  have  barely 
touched  upon  this  problem. 

The  fact  that  in  some  cases  treatment  of  the  soil  extract  with  an 
itbsorbing  solid  followed  by  the  addition  of  the  manurial  salts  gave 
a  greater  increase  in  the  growth  of  the  plants  than  was  obtained 
v^rith  the  soluble  salts  alone  shows  quite  cleariy  that  the  functions 
•of  these  two  classes  of  substances  are  different,  or  that  insufficient 
amounts  of  each  were  used.  As  has  been  said  above,  the  manurial 
:8alts  may  have  been  effective  in  increasing  the  concentration  of  the 
extract  and  in  furnishing  a  larger  supply  of  nutrient  materials.  The 
itbsorbing  solids  can  not  be  effective  in  this  way,  and  their  effect  is 
probably  to  be  attributed  to  a  removal  or  alteration  of  the  toxic 
bodies  of  the  extract. 

Regarding  the  effect  of  sodium  chlorid  in  these  experiments,  when 
this  salt  was  added  to  the  soil  extract  which  had  already  been  treated 
w^ith  a  solid  with  or  without  its  subsequent  removal,  the  result  in 
the  case  of  the  poor  soil  was  in  one  instance  to  decrease  both  transpira- 
tion and  green  weight,  in  another  to  lower  the  transpiration  and  to 
raise  the  green  weight,  and  in  another  to  raise  both.  .  Excepting  the 
transpiration  in  two  instances  in  the  case  of  the  better  soils  (plats 
11  and  29),  the  results  pointed  to  slight  or  decided  benefit  from  the 
sodium  chlorid. 

As  has  been  suggested  previously,  the  effect  of  sodium  chlorid  is 
probably  brought  about  by  two  antagonistic  sets  of  factors,  the 
beneficial  effect  of  increase  in  physical  concentration  and  of  possible 
action  upon  toxic  bodies,  and  the  injurious  effect  of  the  increase  in 
the  concentration  of  the  chlorin  ions.  If  this  be  true  it  is  not  difficult 
to  explain  the  apparent  difference  between  the  effect  of  this  salt  in 
solid-treated  extracts  of  the  poor  soil  and  of  the  good  soils.  In  the 
extract  of  the  poor  soil  more  toxic  principles  are  still  acting  which 
retard  the  growth  of  plants.     In  the  extract  of  the  good  soils  the 
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injurious  factors  are  not  nearly  so  active,  and  after  treatment  with 
the  solids  they  are  perhaps  practically  removed.  Thus  in  the  latter 
extract,  owing  to  the  presence  of  a  lesser  amount  of  toxic  substances, 
the  plants  might  not  show  injury  upon  the  addition  of  chlorids, 
especially  in  view  of  the  previous  liming  of  both  of  these  soils,  while 
the  beneficial  tendency  of  the  increase  in  physical  concentration 
which  accompanies  the  addition  of  the  chlorid  should  be  equally 
potent  in  both  extracts.  The  problem  regarding  the  eflEect  of  sodium 
chlorid  in  soil  extract  or  nutrient  solutions  is  still  further  complicated 
by  the  possibility  that  some  part  of  the  beneficial  effect  often  derived 
from  its  use  is  due  to  direct  benefit  to  the  plant  itself,  as  suggested 
by  certain  unpublished  experiments  by  the  authors,  and  also  by  the 
bare  possibility  that  it  has  a  favorable  chemical  effect  upon  certain 
toxic  bodies  of  the  soil  its«lf ,  in  a  manner  similar  to  that  suggested 
above  as  possible  for  certain  manurial  salts.  Thus  the  problem 
here  is  seen  to  be  an  exceedingly  complex  one  which  will  require  a 
great  deal  of  careful  experimentation  before  a  complete  solution  of 
it  may  be  hoped  for. 

Summary. 

In  the  present  paper  it  is  shown  that  the  unproductiveness  of  the 
infertile  Miami  silt  loam  from  the  farm  of  the  Rhode  Island  Agricul- 
tural Experiment  Station,  at  Kingston,  R.  I.,  is  in  some  measure 
transmitted  to  the  aqueous  extract  of  this  soil.  The  physiological 
properties  of  this  extract  have  been  investigated  in  several  partic- 
ulars. 

There  are  at  least  four  different  ways  in  which  it  is  possible  for  a 
soil  extract  to  retard  growth:  First,  it  may  have  too  high  a  physical 
concentration;  second,  it  may  have  too  low  a  concentration;  third, 
it  may  not  contain  a  sufficient  supply  of  plant-food  constituents; 
and  fourth,  it  may  contain  substances  which  are  injurious  to  plants. 
The  first  of  these  possibilities  concerning  this  particular  soil  extract 
is  at  once  ruled  out  of  consideration,  because  the  addition  of  salts 
to  this  extract  increased  plant  growth  therein.     The  second  possi- 
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bility  might  in  a  measure  be  considered  as  ruled  out  by  the  fact  that 
the  diluted  extract  gave  at  least  as  good  growth  as  was  obtained  in 
the  normal  extract;  yet  it  is  quite  possible  that  the  benefit  arising 
from  a  dilution  of  toxic  substances  present  in  the  extract  might  be 
sufficient  to  fully  offset  the  tendency  to  lessen  growth  by  diluting 
the  nutrient  materials.  Treatment  of  the  extract  with  finely  divided 
carbon  black  and  ferric  hydrate  must  seemingly  be  effective  through 
the  absorbing  power  of  these  solids,  and  the  beneficial  effect  of  this 
treatment  must  probably  be  regarded  as  due  to  the  removal  of  some 
substances  from  the  extract.  This  seems  to  indicate  that  the  ex- 
tract contained  injurious  bodies  which  were  removed  from  or  altered 
in  the  soil  extract  so  as  to  become  non-injurious,  or  partially  so, 
by  the  action  of  the  solids  above  named.  Some  evidence  in  the 
same  direction  is  derived  from  the  fact  that  treatment  of  the  extract 
with  pyrogallol  produced  a  gain  in  transpiration  in  all  cases  and 
in  green  weight  in  three  of  the  five  instances.  This  phenol  can  not 
be  considered  as  a  nutrient  material,  so  that  the  conclusion  is  sug- 
gested that  certain  toxic  substances  present  in  the  extract  are  acted 
on  chemically  by  the  pyrogallol  and  brought  into  a  less  injurious 
form.  It  is  suggested  that  the  beneficial  action  of  calcium  carbonate 
and  calcium  sulfate  in  these  experiments  may  be  in  part  of  a  similar 
nature. 

The  soil  extracts  were  unquestionably  improved  for  the  growth  of 
wheat  plants  by  the  addition  of  considerable  amounts  of  sodium 
nitrate,  potassium  sulfate,  sodium  acid  phosphate,  and  in  certain 
cases  by  sodium  chlorid.  The  beneficial  effects  brought  about  by 
these  salts  may,  a  'priori ^  be  due  to  one  or  more  of  four  possible  modes 
of  action:  (1)  They  increase  the  physical  concentration  of  the  extract, 
and  this  may  make  the  plants  less  susceptible  to  the  injurious  action 
of  the  toxic  bodies.  (2)  They  may  act  chemically  upon  the  plants, 
and  by  furnishing  them  with  nutrient  or  stimulating  materials 
may  thus  enable  them  to  better  withstand  the  action  of  the  toxins. 
(3)  Some  or  all  of  the  salts  may  act  chemically  upon  the  toxic 
substances  themselves,  in  the  manner  suggested  for  pyrogallol  and 
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the  calcium  salts.  (4)  They  unquestionably  do  act  as  plant  nutrients, 
excepting  possibly  sodium  chlorid  under  certain  conditions.  The 
evidence  seems  to  point  to  the  idea  that  one  or  more  of  the  first 
three  of  these  modes  of  action  may  sometimes  be  important,  aside 
from  or  in  conjimction  with  the  fourth;  but  the  problem  of  analyzing 
the  general  effect  into  its  particular  components  and  relating  each 
component  to  its  cause  is  one  which  lies  far  beyond  the  reach  of 
the  present  researches.  The  question  as  to  just  how  the  salts  acted 
in  all  particulars  must  be  left  an  open  one  for  the  present. 

A  comparison  of  the  effects  produced  by  the  various  treatments  of 
the  extract  of  the  infertile  soil  with  those  produced  by  the  same 
treatments  upon  extracts  of  two  soils  of  the  same  farm  which  were 
in  good  condition  for  the  growth  of  crops  shows  that  none  of  the 
treatments  produced  nearly  as  good  effects  upon  the  extract  of  the 
good  soil  as  upon  that  of  the  poor  soil;  yet  treatment  with  carbon 
black  and  ferric  hydrate  in  a  few  cases  seemed  to  produce  a  small 
beneficial  effect  upon  the  extracts  of  the  good  soils,  and  these  bodies 
were  probably  effective  through  the  removal  of  injurious  substances 
from  the  extract.  Therefore  it  may  be  supposed  that  the  toxic 
bodies  which  apparently  exist  in  relatively  large  amounts  in  the 
extracts  of  the  infertile  soil  may  be  present  also  to  a  slight  extent 
in  that  of  the  good  ones. 

The  soluble  toxic  bodies  of  the  infertile  soil  seem  in  some  respects 
to  be  similar  in  their  effect  to  those  which  have  been  shown  to  exist 
in  the  Takoma  soil,  as  described  in  Bulletin  No.  28  of  the  Bureau 
of  Soils.  The  extracts  differ  mainly  in  the  degree  and  character 
of  the  effect  which  nutrient  salts,  calcium  sulfate,  and  pyrogallol 
exert  upon  plants  growing  therein. 
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DIVISION  OF  ANIMAL  HUSBANDRY. 


In  the  absence  of  a  report  from  this  Division,  read- 
ers are  referred  to  the  report  of  the  Director,  pages 
179  to  183,  for  a  brief  statement  of  what  has  been  done 
during  the  year. 
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REPORT  OF  METEOROLOGIST. 


NATHANIEL   HELME. 


Some  changes  have  taken  place  in  this  division  during  the  past 
year.  In  view  of  the  fact  that  a  station  of  the  U.  S.  Weather  Bureau 
with  an  official  forecaster  in  charge  was  located  in  Providence  in 
October,  1904,  the  special  predictions  which  for  a  little  more  than 
fourteen  years  have  been  sent  from  here  to  the  Evening  Bulletin, 
were  discontinued  at  that  time,  and  at  the  end  of  the  year  the  monthly 
summaries  which  had  been  published  in  that  paper  were  discon- 
tinued for  the  same  reason.  In  March,  1905,  a  letter  from  the 
Weather  Bureau  Station  in  Boston  stated  that,  owing  to  the  limited 
appropriation  for  telegraph  service,  the  weather  forecasts  which  had 
been  sent  from  there  daily,  and  had  been  displayed  here  by  means 
of  flag  signals  from  the  belfry  of  Library  Hall  in  Kingston  village, 
would  have  to  be  discontinued,  but  if  the  public  wished  it,  it  might 
be  resumed  after  July  1st. 

Summary  for  1904-1905. 

Highest  temperature 87"^      July  19,  1904. 

Lowest  temperature — i^      February  4,  1905. 

Range  for  the  year 91** 

Highest  monthly  mean 68 .3*"  July,  1904. 

Lowest  monthly  mean 2P      February,  1905. 

Highest  daily  mean 75^      July  19  and  20,  1904. 

Lowest  daily  mean 7.5®  February  4,  1905. 

Mean  temperature  of  the  year 45.3® 

Precipitation  {rain  and  melted  snow) . 

Greatest  in  any  24  consecutive  hours    2 .48  inches,  August  10,  1904- 

Greatest  total  for  one  month 7.63  inches,  August,  1904. 

Smallest  total  for  one  month 1 .69  inches,  May,  1905. 

Total  for  the  year 41 .  64  inches.  . 

Total  snowfall  (unmelted) 51. 00  inches. 
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Prevailing  Winds. 

Southwest:  July,  August,  September,  1904;  May,  June,  1905; 
West:  October,  November,  December,  1904;  January,  February, 
March,  April,  1905. 

Weather. 

Number  of  clear  days  in  the  year 151 

Partly  cloudy  days 122 

Cloudy  days 92 

Days  with  .01  inch  or  more  of  precipitation 99 

Summary  by  Months  for  1904-1905. 


Months. 


I 
I 

2 


f' 


a 


I 


I 


I 

I 


I 


I 


o 
O 


II 
11 


1904. 

July 

August 

September. 
Ootober... . 
November. 
December.. 

1905. 
January. . . 
February.. 

March 

April 

May 

June 


Total.. 
Mean. 


87« 
83'* 

67* 
60* 

49« 
45« 

70* 
80** 
86« 


69. 5« 


48* 
46* 
29* 
20* 
7* 
4* 

— 1* 


30* 
38* 


20.6* 


68.3* 
66.3* 
60.6* 
48.2* 
36.4* 
23.1* 

28.9* 
21.0* 
34.7* 
44.6* 
66.0* 
62.8* 


2.47 
7.63 
1.97 
2.30 
3.16 
4.97 

4.37 
2.18 
2.86 
2.83 
1.69 
5.22 


U 
28 

13 
8i 


41.64 


45.3* 


10 
12 
12 
16 
16 
7 

14 
16 
13 
11 
14 
12 


13 
10 
12 
8 
12 
16 

10 
6 
9 

12 
8 
8 


8 
9 
6 
7 
3 
9 

7 
8 
9 
7 
9 
10 


6U       151 


122 


92 


9 

8 
10 

4 

6 

11 

11 
6 

10 
8 
9 
9 


99 


S.W. 
S.W. 
S.W. 

W. 

W. 

W. 

W. 
W. 
W. 
W. 

8.W. 
S.W. 
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The  principal  characteristics  of  the  weather  for  each  month  were 
as  follows: 

The  July  mean  temperature  was  1®  below  the  average  for  the 
month.  There  were  no  extremely  high  temperatures,  but  the  large 
percentage  of  humidity  made  the  weather  uncomfortable  at  times. 
The  rainfall  was  one  inch  less  than  the  mean  for  the  month  for  16 
years. 

The  mean  temperature  of  August  was  nearly  2®  below  the  average 
for  the  month  for  16  years.  During  the  first  two  decades  of  the 
month  the  rainfalls  were  frequent  and  heavy,  making  the  total  for 
the  month  three  and  one-half  inches  above  the  average  and  the  largest 
for  August  on  our  record. 

The  September  mean  temperature  was  below,  and  the  rainfall  one- 
half,  the  average  for  the  month  for  17  years.  The  minimum  tem- 
perature of  29®  was  the  lowest  for  September  on  our  record. 

October  was  a  month  of  fine  autumnal  weather,  with  an  abundance 
of  sunshine.  The  mean  temperature  was  below  the  average,  and  the 
lowest  for  the  month  since  1895.  The  rainfall  was  less  than  one-half 
the  average  for  17  years. 

The  November  mean  temperature  was  below  the  average,  and  it 
was  the  coldest  November  on  our  record.  There  was  a  flurry  of  snow 
on  the  6th,  and  the  first  snow  of  sufficient  depth  to  measure  fell  on 
the  27th.    The  precipitation  was  below  the  average. 

The  mean  temperature  of  December  was  7°  below  the  average, 
making  it  the  coldest  on  our  record.  This  was  owing  to  the  low 
maxima  rather  than  to  any  extremely  low  temperatures,  as  at  no 
time  did  it  register  zero  or  below  as  has  been  the  case  in  December  in 
previous  years.  The  ground  was  covered  with  snow  for  the  greater 
part  of  the  month,  and  there  were  several  days  of  good  sleighing. 

The  January  precipitation  and  temperature  were  each  below  the 
average  for  the  month,  and  at  the  end  of  the  month  there  was  no 
snow  on  the  ground. 
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It  was  the  coldest  February  on  our  record.  There  was  snow  on  the 
ground  throughout  the  month,  and  the  total  precipitation  was  less 
than  one-half  the  average.  The  mean  temperature  of  the  three 
winter  months  of  1904-1905  was  22 . 7®  and  for  the  same  time  in  1903- 
1904  it  was  22 . 6®,  making  but  a  slight  difference  between  the  two. 

March  was  notable  for  absence  of  the  high  winds  which  generally 
prevail  in  that  month.  The  precipitation  was  less  than  one-half  the 
average,  while  the  mean  temperature  was  about  the  normal. 

The  April  mean  temperature  was  but  slightly  below  the  average. 
At  the  close  of  the  month  vegetation  was  not  very  far  advanced,  it 
having  been  hindered  by  the  cold  nights  and  not  very  warm  days. 

May  was  quite  a  dry  month,  the  rainfall  being  less  than  one-half 
the  average  for  the  month.  There  was  a  killing  frost  on  the  2nd, 
and  light  frost  on  low  land  on  the  2l8t  and  22nd.  The  temperature 
was  about  the  normal  for  the  month. 

The  June  temperature  was  below,  and  the  rainfall  above,  the 
average  for  the  month.  There  was  frost  on  low  land  on  the  morning 
of  the  9th. 

The  following  tables  give  the  temperature,  rainfall,  wind  direction 
and  character  of  the  day  for  each  day  of  the  year,  and  a  general  sum- 
mary for  the  years  from  January  1,  1890,  to  June  30,  1905,  inclusive: 
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Tkmpkbaturb. 

HON. 

Prbyaxlino 

WIND. 

Max. 

Min. 

Mean. 

or  DAT. 

1 

2 
3 

73'* 

74 

72 

73 

77 

78 

77 

77 

76 

77 

81 

77 

80 

80 

80 

82 

83 

85 

87 

85 

82 

75 

63 

66 

76 

80 

79 

80 

80 

75 

80 

2.049 

77.7 

63« 
55 

48 
49 
61 
62 
61 
58 
53 
59 
60 
65 
61 
49 
57 
62 
62 
61 
63 
65 
58 
60 
57 
56 
60 
61 
65 
62 
62 
62 
59 

1.826 
58.9 

68. «» 

64.5 

60. 

61. 

69. 

70. 

69. 

67.5 

64.5 

68. 

70.5 

71. 

70.6 

64.5 

68.5 

72. 

72.5 

73. 

76. 

76. 

70. 

67.5 

60. 

61. 

67.5 

70.5 

72. 

71. 

71. 

63.5 

69.5 

2.117.6 
68.3 

.81 
.04 

S. 
S.W. 
N.W. 
S.W. 

s. 
s. 
s. 

S.E. 

E. 

Variable. 

S.W. 

S.W. 

N.W. 

N.W. 

Variable. 

S. 

S.W. 

s. 

Variable. 
W. 
W. 
E. 

N.E. 

N. 
S.W. 
S.W. 
S.W. 
S.W. 

w. 

w. 

S.W. 

Cloudy. 

Clear. 

Clear 

4 

Clear. 

6 
6 

7 
8 

.05 
.15 
.07 

Fair. 
Cloudy. 
Cloudy. 
Fair. 

9 

Clear. 

10 

Fair. 

11 

Cloudy. 

12 

Fair. 

13 
14 

trace. 

Fair. 
Clear. 

15 

Fair. 

16 

Fair. 

17 

Clear. 

18 

Fair. 

19 

Clear. 

20 

Clear. 

21 

Clear. 

22 
23 
24 
26 

.16 
.87 
.26 

Cloudy. 
Cloudy. 
Cloudy. 
Fair. 

26 

Fair. 

27 
28 

.06 

Fair. 
Cloudy. 

29 
30 

trace.  , 

Fair. 
Clear. 

31 

Fair. 

Sum 

2.47 

MMn..... 

Maximum  temperature. 
Minimmn  temperature.. 


.87*.  Mean  temperature 68 .3°. 

.  48**.  Prevailing  wind southwest. 
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WEATHER  SUMMARY  FOR  AUGUST,  1904. 


TsMPXRATxma. 

Febcipita- 
HON. 

Pbktaiuno 

C&uuLcm 

Max. 

Ifin. 

Mean. 

OP  DAT. 

1 

82« 
78 
80 
72 
70 
77 
83 
73 
72 
69 
82 
71 
70 
73 
82 
76 
82 
77 
76 
68 
81 
78 
76 
77 
77 
74 
72 
74 
82 
69 
74 

2.344 
76.6 

67» 
63 
60 
60 
61 
66 
62 
62 
62 
62 
66 
65 
63 
59 
66 
69 
62 
68 
49 
66 
62 
67 
64 
49 
67 
64 
45 
68 
65 
55 
51 

1,763 
56.9 

74.6«» 

70.6 

70. 

66. 

66.5 

71. 

72.5 

67.6 

62. 

60.6 

73.6 

63. 

61.6 

66. 

69. 

67. 

72. 

67.6 

62. 

62. 

71.6 

67.6 

64.6 

63. 

67. 

64. 

68.5 

66. 

68.6 

62. 

62.6 

2.068.6 
66.3 

S.W. 

S.W. 

Variable. 

K 

S.E. 

S. 

S.W. 

w. 

Variable. 
K 

S.W. 
Variable. 
Variable. 

S.E. 

N.W. 
E. 

S.W. 

N.W 

S.W. 

s. 

N.W. 

S.W. 
Variable. 

N.W. 
S.W. 

w. 

s.w. 

s.w. 

w. 

E. 

Variable. 

Cloudy. 

2 
3 

4 

.68 
.67 

Cloudy. 

Fair. 

Cloudy. 

6 

Cloudy. 

6 

7 
8 

.97 

Fair. 

Clear. 

Fair. 

9 

Clear. 

10 
11 

2.48 

Cloudy. 
Fair. 

12 

Fair. 

13 

Cloudy. 

14 
16 

.19 

Cloudy. 
Clear. 

16 
17 

.16 

Cloudy. 
Fair. 

18 

Clear. 

19 

Fair. 

20 
21 

2.06 

Cloudy. 
Clear. 

22 

Clear. 

23 

Clear. 

24 

Clear. 

26 

Clear. 

26 
27 

trace. 

Fair. 
Clear. 

28 

Fair. 

29 

Fair. 

30 

Clear. 

31 

Clear. 

Sum 

7.63 

Hean 

Ma^yimiim  temperature . 
Mi"i'"^'"*  temperature. . 


.83°, 
.45'*. 


Mean  temperature 66. 3^ 

Prevailing  wind eouthweet. 
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TSKPSHATUmB. 

Pebcipita- 
noK. 

PKiTAiLnro 

WDfD. 

CsAmAcm 

Max. 

¥in. 

Mean. 

or  DAT. 

1 

70« 

80 

81 

82 

73 

67 

70 

78 

50» 
54 

62 
60 
51 
47 
47 
49 

60.« 

67. 

71.5 

71. 

62. 

57. 

58.5 

63.5 

8.E. 
8.W. 
8.W. 

W. 

W. 

Variable. 

S.W. 

8.W. 

Fair. 

2 

Clear. 

3 

Clear. 

4 

Clear. 

5 

Fair. 

6 

Clear. 

7 

Clear. 

8 

.03 

Fair. 

0 

60 

55 

57. 

.04 

N.E. 

Cloudy. 

10 

70 
73 

51 
52 

60.5 
62.5 

8. 

N.E. 

C^ear. 

11 

.01 

Fair. 

12 

79 

63 

71. 

.06 

S.W. 

Fair. 

13 

68 

55 

61.5 

E. 

Clondy. 

14 

70 

54 

62. 

.48 

8. 

Clondy. 

15 

68 

47 

57.5 

.85 

N.W. 

Fair. 

16 

67 
76 

77 

42 
51 
56 

54.5 

63. 

66.5 

S.W. 

S.W. 

S. 

Clear. 

17 

Clear. 

18 

Clear. 

10 

77 
70 

57 
53 

67. 
61.5 

Variable. 
E. 

Fair. 

20 

.07 

Cloudy. 

81 

62 
54 

60 

41 
29 
31 

51.5 
41.5 
45.5 

N.W. 
N. 
W. 

Clear. 

22 

Clear. 

23 

Clear. 

24 

67 

44 

55.5 

8. 

Cloudy. 

26 

79 

59 

60. 

.11 

S.W. 

Fair. 

26 

70 

51 

60.5 

.02 

Variable. 

Fair. 

27 

69 
65 
67 

51 
48 
45 

60. 

'56.5 

56. 

Variable. 
S.E. 

8. 

Fair. 

28 

Fair. 

29 

.30 

Cloudy. 

30 

77 

2.124 
70.8 

55 

1310 
50.3 

66. 

1317 
60.6 

W. 

Fair. 

1.97 

^imn    . 

Maxifnum  tenoperature . 
MlTiimuTn  temperature. . 


.82^.  Mean  temperature 60.6°. 

.  29*.  Prevailing  wind southwest. 
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WEATHER  SUMMARY  FOR  OCTOBER,  1904. 


TSMPBBATUBB. 

Pebcipita- 

TIOK. 

Pbbtaiumo 

WIND. 

CHAKACmi 

Max. 

Min. 

Mean. 

OF  DAT. 

1 

62* 

57 

62 

63 

64 

57 

52 

60 

64 

65 

75 

50 

47 

62 

58 

65 

73 

78 

58 

67 

62 

63 

58 

53 

60 

58 

48 

47 

58 

47 

46 

1.839 
59.3 

44«» 

39 
86 
35 
41 
37 
29 
32 
51 
49 
50 
40 
36 
32 
36 
29 
35 
44 
44 
49 
46 
40 
34 
31 
34 
41 
29 
23 
35 
27 
20 

1.148 
37. 

53« 

48. 

49. 

49. 

52.5 

47. 

40.5 

46. 

57.5 

57. 

62.5 

45. 

41.5 

47. 

47. 

47. 

54. 

61. 

51. 

58. 

54. 

51.5 

46. 

42. 

47. 

49.5 

38.5 

35. 

46.5 

37. 

33. 

1.493.6 
48.2 

W. 
W. 
W. 
W. 

S. 

N.W. 

Variable. 

S. 
S.W. 

s. 

Variable. 

N.E. 
N.W. 
N.W. 
N.W. 
Variable. 
S.W. 
S.W. 
N.E. 
S. 

S.E. 
S.W. 
S.W. 

w. 

S.W. 

w. 

N.W. 

S.E. 

W. 

N. 
N.W. 

Fair. 

2 

Fair. 

8 

Clear. 

4 

Clear. 

5 

Fair. 

6 

7 

traoe. 

Fair. 
Clear. 

8 

Fair. 

9 
10 

.04 

Cloudy. 
Cloudy. 
Fair. 

11 

12 
18 

1.35 

Cloudy. 
Cloudy. 
Clear. 

14 

15 

Clear. 

16 

Clear. 

17 

Clear. 

18 

Clear. 

19 

Cloudy. 

20 

Cloudy. 

21 
22 

.    .72 

Fair. 
Clear. 

23 

Clear. 

24 

Clear. 

25 

Fair. 

26 
27 

.19 

Cloudy. 
Clear. 

28 

Clear. 

29 

Clear. 

30 

Clear. 

31 

Clear. 

Sum 

2.30 

Mean 

Maximum  temperature. 
Minimum  temperature.. 


.78° 
.20° 


Mean  temperature. 
Prerailinc  wind. . . . 


.48.2°. 
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WEATHER  SUMMARY  FOR  NOVEMBER,  1904 


TSKPSHATUmB. 

Pebcipita- 
noN. 

Pkitailino 

WIND. 

CHA^Acm 

Max. 

Min. 

Mean. 

OP  DAT. 

1 

54« 
60 
65 
67 
40 
44 
40 
47 
33 
48 
38 
48 
44 
42 
49 
60 
34 
36 
63 
66 
60 
60 
60 
46 
42 
41 
33 
29 
49 
60 

1^56 
45.2 

29« 
28 
38 
38 
27 
27 
26 
22 
29 
26 
26 
22 
28 
30 
26 
32 
18 
12 
15 
33 
31 
21 
32 
33 
26 
22 
15 
11 
7 
36 

766 
26.6 

41. 5* 

89. 

46.5 

47.6 

33.6 

36.5 

33. 

34.5 

31. 

37. 

32. 

36. 

36. 

36. 

37.6 

41. 

26. 

23.5 

34. 

44. 

40.6 

36.6 

41. 

39.6 

34. 

31.6 

24. 

20. 

28. 

43. 

1.061 
36.4 

N.W. 

S.K 

S. 
N.E. 
N.E. 

W. 

W. 

w. 

N. 
W. 

w. 

s.w. 
n.e. 

N.W. 
W. 
W. 
W. 

N. 
W. 

w. 

w. 

s.w. 

w. 

N.W. 

N.W. 

W. 

N.W. 
N.W. 

8. 
S.W. 

Fair. 

2 

C^oar 

3 

Fair. 

4 

C^oar 

6 

Fair 

6 

Fair 

7 

Clear. 

8 

Clear. 

9 
10 

.42 

Fair. 
Clear. 

11 
12 

.06 

Fair. 
Clear. 

13 
14 

2.10 

Rainy. 
Fair 

16 

Clear 

16 

Fair. 

17 

Clear 

18 

Clear. 

19 

Clear 

20 

Clear 

21 

Clear 

22 

dear 

23 

Fair. 

24 

Cloudy. 
Fair. 

25 

26 

Clear. 

27 
28 

.15 

Fair. 
Clear. 

29 
30 

.42 

Cloudy. 
Fair 

Smn 

3.15 

]I«an 

MaTimum  temperature. 
Minimum  temperature.. 


.57'. 
.  7^. 


Mean  temperature. 
Prevailing  wind. . . , 


.35.4'». 
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WEATHER  SUMMARY  FOR  DECOSMBER,  1904. 


Tbmpbbatubx. 

Pebcipita- 

TIOM. 

Pbbtaiuno 

WIND. 

CuAMAcrewM 

MUL. 

Min. 

Mean. 

or  DAT. 

1 

38« 

22* 

30« 

tTMSe. 

w. 

Clear. 

2 

81 
26 
26 
32 

20 
10 
12 
13 

25.5 
22.5 
10. 
22.5 

w. 

N.E. 

W. 

Variable. 

Fair. 

8 

Fair. 

4 

Fair. 

6 

.40 

Cloudy. 

6 

34 

16 

25. 

W. 

Clear. 

7 

37 

15 

26. 

W. 

Fair. 

8 

31 

18 

24.5 

W. 

Fair. 

9 

24 
14 

11 
5 

17.5 
0.5 

W. 

N. 

Clear. 

10 

.12 

Cloudy. 

11 

20 
28 

4 
7 

12. 
17.5 

W. 
N.E. 

Clear. 

12 

.60 

aoudy. 

13 

27 

16 

21.5 

.40 

N. 

Fair. 

14 

10 
26 

5 

8 

12. 
17. 

W. 

N. 

Clear. 

IS 

trace. 

Fair. 

16 

32 

15 

28.5 

.30 

N.W. 

Fair. 

17 

32 
32 

8 
18 

20. 
25. 

8.W. 
N.W. 

Fair. 

18 

.80 

Fair. 

10 

40 

12 

26. 

S.W. 

Cloudy. 

20 

36 

17 

26.5 

trace. 

S.W. 

Fair. 

21 

20 
20 
43 

11 

4 
20 

20. 

16.5 

36. 

W. 
S.W. 
S.W. 

Clear. 

22 

Fair. 

23 

.05 

Cloudy. 

24 

41 

18 

20.5 

trace. 

N.W. 

Cloudy. 

25 

22 

0 

15.5 

.10 

N.E. 

Cloudy. 

26 

26 

14 

20. 

N.K 

aoudy. 

27 

47 

25 

36. 

1.65 

S.W. 

Bainy. 

28 

50 

24 

37. 

.50 

S.W. 

Fair. 

20 

32 
32 

18 
21 

26. 
26.5 

w. 
w. 

Clear. 

30 

.05 

Fair. 

31 

46 

082 
31.6 

20 

454 
14.6 

33. 

718 
23.1 

w. 

Fair. 

Sum 

4.07 

Mean 

Maximum  temperature. 
Minimiiin  ten^^erature. . 


.60^ 

.   4'». 


Mean  temperature. 
Preyailinc  wind. . . 


...23.1' 
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TlMPERATUmi. 

Pbscipita- 
noN. 

Pebvaixjno 

WIND. 

Max. 

Min. 

Ifoan. 

or  DAT. 

1 

49* 
46 
39 
19 
22 
34 
48 
33 
36 
37 
32 
46 
37 
22 
22 
29 
36 
38 
46 
41 
39 
39 
32 
24 
24 
14 
31 
33 
29 
22 
26 

1.021 
32.9 

32« 
30 
19 

3 
—1 

6 
32 
24 
16 
20 
17 
26 
19 

8 

2 
12 
15 
18 
23 
26 
18 
27 
10 

7 

6 

3 

6 
14 

7 
11 

7 

461 
14.9 

40. 5' 
87.6 
29. 
11. 
10.6 
20. 
40. 
28.6 
26.6 
28.6 
24.5 
36. 
28. 
16. 
12. 
20.5 
25.5 
28. 
34. 
33.5 
28.5 
33. 
21. 
16.6 
14.5 
8.6 
18. 
23.5 
18. 
16.5 
16. 

741 
23.9 

W. 
S.W. 
N.E. 

W. 

W. 
N.R 
S.W. 

w. 
w. 

S.W. 

N.W. 

Variable. 

W. 
N.W. 

W. 
S.W. 

w. 

w. 

S.W. 

w. 

E. 

W. 

N.W. 

N.E. 
N.E. 
N.W. 
W. 
S.W. 

w. 

N. 

w. 

Clear. 

2 
3 

4 
6 

.10 
.42 
.40 

Fair. 
Rainy. 
Fair. 
Clear. 

e 

7 
8 

.30 
1.31 

Cloudy. 

Fair. 

Clear. 

9 

Clear. 

10 

Fair. 

11 

Cloudy. 
Rainy. 
Cloudy. 
Fair. 

12 
13 

.92 

14 

16 

Clear. 

16 

Fair. 

17 

Clear. 

18 

Clear. 

19 

Clear. 

20 

Clear. 

21 
22 
23 

.04 
.27 

Cloudy. 

Fair. 

Clear. 

24 
26 
26 

.05 
.55 

Fair. 

Cloudy. 

Clear. 

27 

Clear. 

28 
29 

.01 

Fair. 
Clear 

30 

Fair. 

31 

Clear 

Sum 

4.37 

Mean 

Qum  temperature . 
Bfixiimuin  temperature. . 


.  .49^.  Mean  temperature. 

. — 1*.  Prevailing  wind  . . 


.23.9°. 
.  .west. 


82 
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WEATHER    SUMMARY    FOR    FEBRUARY,    1905. 


TEMPBRATtTltK. 


Max. 


Min. 


Mean. 


Precipita- 
tion. 


Pbetaiuno 

WIND. 


Characteb 

OP  DAT. 


1 

27* 

2 

22 

3 

18 

4 

10 

5 

29 

6 

33 

7 

28 

8 

32 

9 

32 

10 

38 

11 

27 

12 

34 

13 

40 

14 

19 

15 

26 

16 

19 

17 

37 

18 

26 

19 

22 

20 

33 

21 

45 

22 

32 

23 

32 

24 

40 

25 

40 

26 

37 

27 

29 

28 

38 

Sum.. 
Mean.. 


864 
.30.5 


5' 
8 
1 

1 
19 
13 

7 
17 
23 
12 

5 
12 

1 

5 

2 
11 
10 

4 
15 
29 
19 
17 
19 
18 
22 
16 
15 

322 
11.5 


16. *» 
15. 
9.5 
7.5 
15. 
26. 
20.5 
19.5 
24.5 
30.5 
19.5 
19.5 
26. 
10. 
15.5 
10.5 
24. 
18. 
13. 
24. 
37. 
25.5 
24.5 
29.5 
29. 
29.5 
22.5 
26.5 

588 
21 


.72 


.53 


.76 
.05 


.12 


2.18 


N.W. 
N.W. 
N.W. 

W. 
S.E. 

N.E. 

W. 

N.E. 

N.E. 

Variable. 

W. 

E. 

W. 

W. 
Variable. 

W. 

s.w. 

w. 

w. 
s.w. 

Variable. 

N.E. 

N. 

N.W. 

W. 

S.W. 

w. 
w. 


Fair. 

Clear. 

Clear. 

Clear. 

Fair. 

Cloudy. 

Clear. 

Clear. 

Rainy. 

Cloudy. 

Clear. 

Cloudy. 

Cloudy. 

Clear. 

Cloudy. 

Clear. 

Fair. 

Clear. 

Clear. 

Cloudy. 

Clear. 

Cloudy. 

Clear. 

Fair. 

Clear. 

Fair. 

Clear. 

Clear. 


Maximum  temperature. 
Minimum  temperature. . 


.45''.  Mean  temperature 21®. 

— 4**.  Prevailing  wind west. 
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WEATHER    SUMMARY   FOR    MARCH,  1906. 


1 

TSMPBBATURS. 

TION. 

Pkitaiuno 

WIND. 

Cha&actbs 

Max. 

Min. 

Mean. 

OFDAT. 

32« 

17«» 

24.5* 

\  .  .  .  . 

W. 

Clear. 

30 
3ft 
42 
28 
36 
37 

18 
11 
20 
9 
18 
17 

24. 

23.5 

31. 

18.5 

27. 

27. 

W. 

W. 

W. 

S.W. 

N.W. 

Variable. 

Clear. 

Clear. 

Fair. 

Fair. 

Clear. 

.22 

Cloudy. 

37 

30 

33.5 

.57 

S. 

Rainy. 

43 

29 

36. 

.12 

Variable. 

Rainy. 

48 

30 

89. 

.36 

W. 

Fair. 

35 
38 
37 
38 

20 
20 
17 
18 

27.6 
29. 
27. 
28. 

W. 

W. 

W. 

Variable. 

Clear. 

Fair. 

Clear. 

Cloudy. 

38 
47 
44 
67 

16 
21 
25 
28 

27. 
34. 
34.5 
42.5 

W. 

S.W. 

Variable. 

S.W. 

Clear. 

• 

Fair. 

Clear. 

18 

. 

Clear. 

19 

48 

42 

45. 

.21 

S.w. 

Rainy. 

20 

.  42 

30 

36. 

.02 

N. 

Cloudy. 

21 

33 

29 

31. 

1.06 

n.e. 

Rainy. 

22 

37 
42 
43 

25 
23 
26 

31. 

32.5 

34.5 

N. 
£. 

8.E. 

Fair. 

23 

Clear. 

24 

Cloudy. 

25 

48 

39 

43.5 

.21 

S.W. 

Cloudy. 

26 

60 
58 

36 
37 

48. 
47.5 

w. 
w. 

Clear. 

27 

.01 

Fair. 

28 

68 
60 

37 
40 

52.5 
50. 

w. 

N.E. 

Fair. 

29 

Clear. 

30 

56 

36 

46. 

.05 

S. 

Fail. 

31 

67 

1.365 
44 

34 

788 
25.4 

60.5 

1.026.5 
34.7 

w. 

Clear. 

8«m..... 

2.86 

Mett 

**«Jmuin  temperature, 
^mn  temperature.. 


.68*. 
.  8*. 


Mean  temperature. . 
Prevulinc  wind 


.34. 7^ 
.  .west. 


Digitized  by  VjOOQIC 


340  R.  I.  AoL.  ExPT.  Sta.  Rep.,  1905. 

WEATHER    SUMMARY   FOR   APRIL,  1905. 


TXMPEBATUBX. 

Pebcipita- 

TION. 

WIND. 

Chabactbe 

Blax. 

Min. 

Mean. 

OP  DAT. 

1 

53* 
47 
58 
47 
50 
50 
52 
50 
56 
58 
54 
56 
40 
60 
56 
50 
44 
50 
51 
60 
60 
53 
57 
55 
63 
65 
68 
50 
57 
70 

1.653 
55.1 

36«»    . 

24 

23 

35 

30 

36 

27 

28 

26 

37 

36 

38 

36 

36 

33 

82 

24 

30 

26 

35 

42 

36 

31 

32 

41 

41 

46 

38 

36 

41 

1.020 
34 

44.* 

35.5 

40.5 

41. 

44.5 

43. 

30.5 

30. 

41. 

47.5 

45. 

47. 

42.5 

48. 

44.5 

41. 

34. 

40. 

38.5 

47.5 

51. 

44.5 

44. 

43.5 

52. 

53. 

54.5 

48.5 

46.5 

55.5 

1.336.5 
44.5 

N.W. 
N.W. 
N.W. 
N.E. 
N.W. 

8. 

W. 

W. 

w. 
w. 

N.E. 
N.E. 
N.E. 

8. 
N.W. 

W. 

W. 

W. 
8.W. 

8. 

8.W. 

Variable. 

W. 
8.W. 

W. 

S.W. 

Variable. 

N.E. 

8. 

W. 

Fair. 

2 

CSear. 

3 

Clear. 

4 
5 
6 

7 

.01 

.44 

1.21 

aoudy. 
Cloudy. 
Fair. 
Clear. 

8 

Fair. 

0 

Fair. 

10 

11 

12 

trace. 
.61 

Fair. 

Cloudy. 

Fair. 

18 

Cloudy. 

14 

Clear. 

15 
16 

.10 

Clear. 
Fair. 

17 

Clear. 

18 

Fair. 

10 

Clear. 

20 
21 
22 

.17 
.27 

Fair. 

Cloudy. 

Clear. 

23 

Clear. 

24 

Fair. 

25 

Clear. 

26 

Cloudy. 

27 
28 

.02 

Fair. 
Fair. 

20 

Cloudy. 

do 

Clear. 

2.83 

Mean.... 

Maximum  temperature. 
Qum  temperature.. 


.70*». 
.23". 


Mean  temperature. 
Prevailinc  wind . . . . 


.44.6*. 
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Pebciptta- 
noN. 

Pektaiuno 

WIND. 

CHARACm 

Max. 

Min. 

Mean. 

OF  DAT. 

I 

56« 

58 
69 
56 
58 

66 
79 
67 
66 
70 
72 
63 
60 
59 
73 
63 
49 
65 
68 
56 
63 
70 
63 
65 
66 
72 
69 
80 
79 
67 
69 

2,027 
65.4 

36* 

30 

41 

42 

36 

43 

50 

43 

40 

42 

46 

48 

46 

45 

51 

43 

42 

42 

47 

46 

37 

39 

47 

88 

44 

52 

55 

58 

54 

50 

48 

1^79 
44.5 

46.5* 

44. 

55. 

50. 

47. 

54.5 

64.5 

55. 

53. 

56. 

58.5 

55.5 

52.5 

52. 

62. 

48. 

45.5 

53.5 

57.5 

51. 

50. 

54.5 

55. 

51.5 

55. 

62. 

62. 

69. 

66.5 

58.5 

58.5 

1J03 
65. 

W. 

S.W. 

S.W. 
Variable. 

S.E. 

S.W. 

S.W. 
Variable. 

N.W. 

N.W. 

S.W. 

S.W. 

E. 

Variable. 

S.E. 

N.Ef 

N.E. 

S.W. 
W. 
W. 

S.W. 

S.W 
N. 

S.W. 

S.W. 

S.W. 

S.W. 

S.W. 

w. 

N.E. 
E. 

Clear. 

2 

Clear. 

3 

Clear. 

4 

Fair. 

5 

Fair. 

6 

Cloudy. 

7 
8 

.06 

Fair. 
Clear. 

0 
10 

u 

.15 

Fair. 
Fair. 
Clear. 

12 
13 

.63 

Cloudy. 
Cloudy. 

14 
15 

.62 

aoudy. 
Cloudy. 

16 
17 

.07 

Cloudy. 
Cloudy. 

18 
10 

.08 

Fair. 
Clear. 

20 

Clear. 

21 

Clear. 

22 

Clear. 

23 
24 

.03 

Cloudy. 
Clear. 

25 

Clear. 

26 

Clear. 

27 
28 

.04 

Cloudy. 
Clear. 

29 

Fair. 

30 
81 

.11 

Fair. 
Clear. 

1.69 

Mean 

MaTimum  temperature. 
Mln^iniiin  temperature. . 


.80**.  Mean  temperature 55^ 

.  30^.  Prevailing  wind southwest. 
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R.  I.  Agl.  Expt.  Sta.  Rep.,  1905. 
WEATHER  SUMMARY  FOR  JUNE  1905. 


Temperatttbb. 

HON. 

Prbvaiuno 

WIND. 

Chabactbb 

Max. 

Min. 

Mean. 

or  DAT. 

1 

64» 

72 

72 

74 

79 

72 

66 

64 

72 

79 

69 

62 

74 

81 

85 

82  • 

77 

83 

68 

58 

65 

78 

81 

77 

80 

82 

71 

74 

80 

82 

2.203 
73.4 

47'* 

42 

49 

44 

64 

49 

46 

44 

38 

49 

61 

66 

66 

69 

60 

66 

57 

61 

51 

49 

53 

57 

63 

69 

63 

56 

61 

47 

63 

55 

1.664 
62.1 

66. 6** 

67. 

60.6 

69. 

66.6 

60.6 

60.5 

49. 

66.  ' 

64. 

60. 

69. 

66. 

70. 

72.6 

69. 

67. 

72. 

69.6 

63.6 

69. 

67.5 

72. 

68. 

66.5 

69. 

61. 

60.6 

66.6 

68.5 

1.883.5 
62.8 

N.E. 
S.W. 

w. 

S.W. 

S.W. 

N.E. 

N.E. 

N. 

Variable. 

S.W. 

S.W. 

S.W. 

S.W. 

S.W. 

S.W. 

S.W. 

S.W. 

S.W. 

N.E. 

N.E. 

E. 

W. 

Variable. 

S.W. 

S.W. 

S.W. 

N.W. 

N.W. 

w. 

S.W. 

Fair. 

2 
8 

.03 

Fair. 
Clear. 

4 

Fur. 

6 

aoudy. 

Cloudy. 

Cloudy. 

Fair. 

Clear. 

6 
7 
8 
9 

1.04 
.06 
.22 

10 

Clear. 

11 

Cloudy, 
aoudy. 
Cloudy. 
Clear. 

12 
13 
14 

2.16 
.34 

16 

Clear. 

16 

Clear. 

17 

Clear. 

18 

Fair. 

19 
20 

.62 

Cloudy. 

Cloudy. 

Cloudy. 

Fair. 

Cloudy. 

Fair. 

21 
22 
23 

.74 
.13 

24 

26 

aear. 

26 

Fair. 

27 

Clear. 

28 

Clear. 

29 

Clear. 

30 

Clear. 

Sum 

5.22 

Mean 



Majdmum  temperature . 
Minimum  temperature. . 


.85*^.  Mean  temperature 62**. 

.38^  Prevailins  wind southweet. 
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SUMMARY  JANUARY  1,  1890,  TO  JUNE  30,  1905.  INCLUSIVE. 


§ 

t 

i 

|| 
If 

1 

1 

I 
1 

1 
1 

s 
1 

-3 

1 

•8 

i 
1 

525 

1 

1 

1800 

91*' 

3" 

48.3** 

99 

143 

123 

120 

59.25 

1891 

94 

5 

49.4 

116 

154 

95 

83 

49.88 

1892. .                                .... 

9? 
92 

— 1 

47.8 

147 

116 

103 

89 

42  58 

1893 

—-6 

46.5 

126 

130 

109 

131 

57.33 

1894 

93 

—0 

48.6 

110 

130 

125 

114 

48.19 

1895 

95 

—7 

48.2 

128 

114 

-    123 

108 

40.28 

1896 

93 
90 

—11 
— 1 

47.7 
48.3 

131 
129 

112 
126 

123 
110 

109 
128 

40.87 

1897 

54.25 

1898 

95 

48.8 

110 

114 

141 

131 

72.21 

1899,  January  1  to  June  30 

95 

—10 

42.1 

77 

44 

60 

59 

26.70 

■July  1.  1890.  to  June  30.  1900. . . . 

90 

—5 

48.3 

141 

113 

111 

102 

51.67 

July  1. 1900.  to  June  30.  1901 .... 

97 

—0 

48.4 

134 

97 

134 

114 

48.47 

July  1. 1901,  to  June  30.  1902 

93 

—1 

48.0 

138 

116 

111 

109 

53.14 

July  1.  1902.  to  June  30.  1903. ... 

90 

—12 

48.3 

138 

96 

131 

103 

50.27 

July  1. 1903.  to  June  30.  1904.. . . 

93 

—16 

45.7 

156 

107 

103 

118 

50.06 

Julyl.  1904.  to  June  30. 1905.... 

87 

—4 

45.3 

151 

122 

92 

99 

41.64 

Average  temperature  for  15i  s^mub. 40.4*. 

Average  precipitation  for  15i  years 52.5.1  inches. 
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The  Rhode  Island  Agricultural  Experiment  Station,  in  account  vnth  the 
Unttbd  States  Appropriation,  1904-1905. 

1905.  Dr. 

To  receipts  from  the  treasurer  of  the  United  States  as  per 
appropriation  for  fiscal  year  ended  June  30, 1905,  as  per 
act  of  Congress  approved  March  2, 1887 $15,000  00 

1905.  Cr. 

By  Salaries $9,377  76 

Labor 1,854  43 

Publications 45  67 

Postage  and  stationery 144  76 

Freight  and  express 109  40 

Heat,  light,  water,  and  power 373  36 

Chemical  supplies 53  66 

Seeds,  plants,  and  sundiy  supplies 287  72 

Fertilizers 169  03 

Feeding-stufifs 645  80 

Library 362  33 

Tools,  implements,  and  machinery 192  50 

Furniture  and  fixtures 25  86 

Live  stock 432  50 

Traveling  expenses 268  39 

Contingent  expenses 15  00 

Buildings  and  repairs 641  83 

$15,000  00 

We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Rhode  Island 
Agricultural  Experiment  Station  for  the  fiscal  year  ended  June  30,  1905;  that 
we  have  found  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for 
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the  year  from  the  treasurer  of  the  United  Statee  are  shown  to  have  been  $15,000, 
and  the  correq>ondmg  disbursements  $15,000,  for  all  of  which  proper  vouchers 
are  on  file,  and  have  been  examined  by  us  and  foimd  correct,  thus  leaving  no 
balance. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  purposes 
set  forth  in  the  act  of  Ck>ngre8S  approved  March  2, 1887. 

CHARLES  DEAN  KIMBALL, 
C.  H.  C0G0E8HALL, 

Auditors. 


MsLViLLX  Bull,  Treanarer,  in  account  with  the  Rhode  Island  Aoricultural 
Experiment  Station,  for  the  year  ended  June  ao,  1905. 

1905.  Dr. 

To  Balance  from  last  year $2,611  31 

Station  recdpts 1,028  81 

Interest 98  33 


$3,738  45 


1905.  Cr. 

By  Labor $318  17 

Publications 3  08 

Postage  and  stationery 7  62 

Chemical  supplies 14  63 

Seeds,  plants,  and  sundry  supplies 25  92 

Fertilizers 4  60 

Feeding-stuflfs 46  65 

Libraiy 3  60 

Tools,  implements,  and  machinery 37  66 

Furniture  and  fixtures 1   10 

Scientific  apparatus 1  60 

Traveling  expenses 25  35 

Contingent  expenses 13  15 

Buildings  and  repairs 18  71 

Balance 3,216  91 


$3,738  46 
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This  certifies  that  we,  the  undersigned,  auditing  committee  of  the  Board  of 
Managers  of  the  Rhode  Island  Ck>llege  of  Agriculture  and  Mechanic  Arts,  have 
examined  the  accoimts  of  Melville  Bull,  treasurer  of  the  Rhode  Island  Agricul- 
tural Experiment  Station,  and  find  the  same  correct. 

The  total  receipts  were  $3,738.45,  and  the  total  expenditures  were  $621.54, 
thus  leaving  a  balance  to  new  accoimt  of  $3,216 .  91. 

CHARLES  DEAN  KIMBALL, 
C.  H.  COQGESHALL. 
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EXCHANGES. 


Aboriculture,  Connersville,  Ind. 

Agricultural  Advertising,  Pittsburg,  Pa. 

Agricultural  Epitomist,  Spencer,  Ind. 

Agricultural  Gazette  of  New  South  Wales,  Australia. 

Agricultural  Ledger,  Calcutta,  India. 

American  Cultivator,  Boston,  Mass. 

American  Fancier,  Johnstown,  N.  Y. 

American  Fertilizer,  Philadelphia,  Pa. 

American  Hay,  Flour,  and  Feed  Journal,  New  York. 

American  Horse  Breeder,  Boston,  New  York,  and  Chicago. 

American  Nut  Journal,  Petersbiu-g,  Va. 

American  Philosophical  Society,  Proceedings  of  the  Society. 

American  Poultry  Advocate,  S3npacuse,  N.  Y. 

American  Poultry  Journal,  Chicago,  111. 

American  Sheep  Breeder  and  Wool  Grower,  Chicago,  111. 

American  Stock  Farm,  The,  Winona,  Minn. 

American  Stock  Keeper,  Boston,  Mass. 

American  Sugar  Industry  and  Beet  Sugar  Gazette,  Chicago,  111. 

Breeders'  Gazette,  Chicago,  111. 

Bulletins  of  the  Botanical  Department  of  Jamaica,  and  Reports  of 

Public  Garden^  and  Plantations. 
Bulletins  of  the  New  York  State  Museum. 
California  Cultivator,  Los  Angeles,  Cal. 
Chicago  Daily  Drovers'  Journal,  Chicago,  111. 
Colman's  Rural  World,  St.  Louis,  Mo. 
Connecticut  Farmer,  New  Haven,  Conn. 
Corbett's  Herald,  Providence,  R.  I. 


Digitized  by  VjOOQIC 


Exchanges.  349 

Current  Numbers  of  Minnesota  Botanical  Studies,  University  of 

Minnesota. 
Elgin  Dairy  Report,  Elgin,  111. 
Evening  Telegram,  Providence,  R.  I. 
Farm  and  Fireside,  Springfield,  Ohio. 
Farm  and  Live  Stock  Journal,  Detroit,  Mich. 
Farm,  Field,  and  Fireside,  Chicago,  111. 
Farm  Home,  The,  Springfield,  111. 
Farm  Journal,  Philadelphia,  Pa. 
Farm  Life,  Chicago,  111. 
Farm  Poultry,  Boston,  Mass. 
Farm,  Stock,  and  Home,  Minneapolis,  Minn. 
Farmers'  Advocate,  London,  Ontario. 
Farmers'  Guide,  Himtington,  Ind. 
Farmers'  Review,  The,  Chicago,  111. 
Farmers'  Sentinel,  Milwaukee,  Wis. 
Farmers'  Tribune,  Des  Moines,  Iowa. 
Feather,  The,  Washington,  D.  C. 
Feathered  World,  The,  London,  England. 
Flour  and  Feed,  Waukegan,  111. 
Fruit  Grower,  The,  St.  Joseph,  Mo. 
Geflugel-Buchter,  Hamburg,  Wis. 
Hoard's  Dairyman,  Fort  Atkinson,  Wis. 
Holstein-Fresian  Register,  Brattleboro,  Vt. 
Homestead,  The,  Des  Moines,  Iowa. 
Hope  Valley  Free  Press,  Hope  Valley,  R.  I. 
Hospodarske  Listy,  Chicago,  111. 
Indiana  Farmer,  Indianapolis,  Ind. 
Inland  Poultry  Journal,  Indianapolis,  Ind. 
Journal  Royal  Horticultural  Society,  London,  England. 
Kansas  Farmer,  Topeka,  Kansas. 
Kimball's  Dairy  Farm,  Waterloo,  Iowa. 
Maryland  Agricultural  Quarterly,  College  Park,  Md. 
Massachusetts  Ploughman,  Boston,  Mass. 
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Metropolitan  and  Rural  Home,  The,  New  York  City. 
Miscellaneous  Publications,  Department  of  Agriculture  and  Mines, 

Natal,  Africa. 
Modem  Farmer  and  Busy  Bee,  The,  St.  Joseph,  Mo. 
Missouri  Agricultural  College  Farmer,  Columbia,  Mo. 
National  Stockman  and  Farmer,  Pittsburg,  Pa. 
Nebraska  Farmer,  Omaha,  Neb. 
New  England  Farmer,  Brattleboro,  Vt. 
New  England  Homestead,  Springfield,  Mass. 
New  Farm,  Preston,  Md. 

New  Hampshire  Farmer  and  Weekly  Union,  Manchester,  N.  H. 
Northwest  Horticulturist,  Tacoma  and  Seattle,  Wash. 
Nut  Grower,  The,  Poulan,  Ga. 
Ohio  Farmer,  Cleveland,  Ohio. 
Oregon  Agriculturist,  Portland,  Oregon. 
Orflf's  Farm  and  Poultry  Review,  St.  Louis,  Mo. 
Poultry,  Peotone,  111. 
Poultry  Gazette,  Kansas  City,  Kansas. 
Poultry  Herald,  St.  Paul,  Minn. 
Poultry  Item,  Fricks,  Pa. 
Poultry  Standard,  Stamford,  Conn. 
Poultry  Success,  Des  Moines,  Iowa. 
Poultry  Topics,  Lincoln,  Neb. 
Practical  Farmer,  The,  Philadelphia,  Pa. 
Practical  Fruit  Grower,  Springfield,  Mo. 
Prairie  Farmer,  The,  Chicago,  111. 
Providence  News,  The,  Providence,  R.  I. 
Publications  of  the  Florida  Department  of  Agriculture. 
Publications  of  the  Department  of  Argiculture,  M3rsore  State,  India. 
Publications   of   the   Imperial    Agricultural    Experiment    Station, 

Nishigahara,  Tokyo,  Japan. 
Publications  of  the  Maine  State  Board  of  Agriculture. 
Publications  of  the  Massachusetts  State  Board  of  Agriculture. 
Publications  of  the  Department  of  Agriculture,  New  JZealand. 
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Publications  of  the  North  Carolina  State  Board  of  Agriculture. 
Publications  of  ^  the  Department  of  Agriculture,  University  College, 

North  Wales. 
Publications  of  the  Ohio  State  Board  of  Agriculture. 
Publications  of  the  Pennsylvania  Department  of  Agriculture. 
Publications  of  the  Rhode  Island  State  Board  of  Agriculture. 
Publications  of  the  Department  of  Agriculture,  Victoria. 
Publications  of  the  Virginia  Department  of  Agriculture. 
Publications  of  the  Department  of  Agriculture  of  Western  Australia. 
Queensland  Agricultural  Joujmal,  Australia. 
Reliable  Poultry  Journal,  Quincy,  111. 
Republic,  The,  St.  Louis,  Mo. 
Rock  Products,  Louisville,  Ky. 
Rural  New-Yorker,  New  York  City. 
Rural  World,  London,  England. 
Skandinavisk  Farmer  Journal,  Minneapolis,  Minn. 
Southern  Fancier,  Atlanta,  Ga. 
Southern  Planter,  Richmond,  Va. 
Successful  Farming,  Des  Moines,  Iowa. 
Successful  Poultry  Journal,  Chicago,  111. 
Sugar  Beet,  The,  Philadelphia,  Pa. 

Sec.  da  Agr.  Estado  de  Sao  Paulo,  Boletim  da  Agriculture. 
Texas  Farmer,  Dallas,  Texas. 
Transvaal  Agricultural  Journal,  India. 
Up-to-Date  Farming  and  Gardening,  Indianapolis,  Ind. 
Wallace's  Farmer,  Des  Moines,  Iowa. 
Western  Fruit  Grower,  St.  Joseph,  Mo. 

W.  Weedel  A  Co.'s  Colonial  Dairy  Produce  Report,  London,  England. 
West  Virginia  Farm  Review,  Charleston,  W.  Va. 
Wilson  Bulletins,  Wilson  Ornithological  Club,  Oberlin,  Ohio. 
Wisconsin  Agriculturist,  Racine,  Wis. 

Yearbook  and  Current  Publications  der  Deutschen  Landwirtschafts- 
Gesellschaft.  ^ 
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Directions  for  Binding  the  Bulletins  and  Reports  of   the 
Rhode  Island  Experiment  Station. 


Vol. 

1-3*, 

Bulletins      1-9, 

Reports, 

1-3, 

1888-1890. 

4, 

10-14, 

Report, 

4, 

1891. 

5, 

15-20, 

5, 

1892. 

6, 

21-26, 

6, 

1893. 

7, 

27-30, 

7, 

1894. 

8. 

31-35, 

8, 

1895. 

9, 

36-42, 

9, 

1896. 

10, 

4^-46, 

10, 

1897. 

11, 

47-51, 

11, 

1898. 

12, 

52-55, 

12, 

1899. 

13, 

56-69, 

13, 

1899-1900. 

H, 

70-78, 

14, 

1900-1901. 

15, 

79-86, 

15, 

1901-1902. 

16, 

87-94, 

16, 

1902-1903. 

17, 

95-101, 

17, 

190^1904. 

18, 

102-107, 

18, 

1904^1905. 

*  Yds.  1-8  in  one  cover.    Becinnins  with  volume  4,  a  title  page  and  index  for  each  volume 
it  to  be  found  at  the  end  of  the  annual  report  for  eaoh  year.    The  year  covered  by  a  volume 
formeriy  waa  the  calendar  year,  but  now  it  extends  from  July  1  to  June  80.    Eaoh  volume, 
beginning  with  volume  4,  is  paged  aeparately.    The  Bulletins  of  a  given  year  precede  the  Be 
port,  and  the  latter  is  paged  in  continuation  of  the  last  Bulletin  belonging  in  the  volume. 
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or 


Rhode  Island 
Agrigetdral  Experihent  Station, 


rOB  THB 


YEAR   ENDING  JUNE   30, 

1905. 


PROVIDENCE: 
E.    L.    FREEMAN    *    SONS,    STATE    PRINTERS 
I  1906. 
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IISTDEX 

OF    THB 

BULLETINS  AND  ANNUAL  REPORT 

OP    THB 

Rhode  Isuhd  Agricetural  Experiiext  Statioh, 

rOR   THB 

YEAR  ENDING  JUNE  30,  1905. 


PAOB. 

Agriculture,  U.  S.  Department  of,  co-operation  with 189,  190 

Agricultural  value  of  sodium  salts 49-92,  111-138 

Agronomy  and  Chemical  Divisions,  report  of 223-288 

Division  of,  outline  of  work  of 185-188 

American  A'gl  Chemical  Co.'s  goods,  analyses  of 4,  5 

Fanners'  Fertilizer  Co.'s  goods,  analyses  of 6,  7 

Ammom'um-citrate  treatment,  postponement  of 227-230 

Anal3rses,  miscellaneous 223-226 

Andrews'  S.  D.,  Son,  wood  ashes,  analysis  of 12 

Animal  Husbandry,  Division  of,  outline  of  work  of 179-183 

Apple  maggot 197,  198 

resistance  to  wind 198,  199 

Barley,  Manshury,  sodium  salts,  efifect  upon 57-61,  86 

Beans,  sodium  salts,  effect  upon 78-80,  90 

Beets,  sodium  salts,  effect  upon 63-66,  67,  129-132 

Bmding,  directions  for 352 

Bowker  Fertilizer  Co.,  goods,  analyses  of 6-12 

NoTB.— For  pp.  1-14  see  Bui.  102 ;  for  pp.  1&-46  see  Bui.  103 ;  for  pp.  47-02  see  Bui.  104 ; 
for  pp.  93-108  see  Bui.  105 ;  for  pp.  109-154  see  Bui.  106 ;  for  pp.  155-168  see  Bui.  107. 
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Bran,  analyses  of 98 

Brewers'  grains,  analyses  of 100 

Bush-fruits 199,  200 

Carrot,  sodium  salts,  effect  upon 6^71,  88,  126-129 

Cauliflower  grown  under  tent 212 

Celery  grown  under  tent 213 

Chemical  Division,  outline  of  woric  of 188,  189 

Chicory,  sodium  salts,  effect  upon 66-68,  88,  123-126 

Coe,  E.  Frank,  Co.'s  goods,  analyses  of 6,  7,  8,  9 

Commercial  feeding  stuffs,  analyses  of 96-102 

hints  and  suggestions  regarding 103-107 

Com  selection 200,  201 

meal,  analyses  of 99 

sodium  salts,  effect  upon 111-117 

Cotton-seed  meal,  analyses  of 96 

Cuctmibers  grown  in  glass-house 166,  167 

Dairy  feed,  analyses  of 101 

Director,  report  of 179-193 

Exchanges 348-351 

Feed,  mixed,  analyses  of 96,  97,  98 

Fertilizers,  postponement  of  ammonium-citrate  treatment 227-230 

summary  of  complete,  analyzed 13 

Frauley's,  T.  H.,  wood  ashes,  analyses  of 12 

Qlass-house  culture,  influence  of  soil  treatment  in 157-167 

Gluten  feed,  analyses  of 96 

meal,  analyses  of 96 

Grass,  amount  of  nitrogen  and  mineral  ingredients  removed 22-27 

analyses  of  dry  matter  in 21,  34,  40 

culture  experiments  in 17-45 

financial  gain  from  nitrate  of  soda  on 27-30 

formula  for  annual  topdressing 44 

Nora. — For  pp.  1-14  see  Bui.  102 ;  for  pp.  1&-M  see  Bui.  103 ;  for  pp.  47-02  see  Bui.  104 ; 
for  PD.  03-108  see  Bui.  105 ;  for  pp.  100-154  see  Bui.  106 ;  for  pp.  155-168  see  Bui.  107. 
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Index. 


V. 


PAOB. 

Grass  land,  economical  quantities  of  acid  phosphate  for 30-35,  42 

muriate  of  potash  for 35-40,  43 

nitrogen  for 18-30 

sodium  salts,  effect  upon 138-149 

Hominy  chops,  anal3rses  of 99 

feed,  analyses  of 99 

meal,  analyses  of 99 

Horse  feed,  analyses  of 101 

Horticultural  Division,  outline  of  work  of 183-185 

report  of 197-219 

Lettuce,  grown  imder  tent 210 

sodium  salts,  effect  upon 73-75,  89 

Liming,  effect  of,  upon  soil  constituents 242-252 

Linseed  meal,  analyses  of 96 

oil  meal,  analyses  of 96 

Malt  sprouts,  analyses  of 101 

Meteorologist,  report  of 327-343 

Middlings,  anal3rse8  of 101 

Millet,  golden,  sodium  salts,  effect  upon 61-63,  87 

Mitchell  Fertilizer  Co/s  goods,  analyses  of 8,  9 

Mixed  feeds,  analyses  of 96,  97 

Molasses-beet-pulp,  dried,  analyses  of 102 

grains,  analyses  of 98,  99 

National  Fertilizer  Co/s  goods,  analyses  of 8,  9 

Ohio  Farmers'  Fertilizer  Co.'s  goods,  analyses  of 8,  9 

Oat  feed,  analyses  of 102 

Parmenter  &  Polsey  Fertilizer  Co.'s  goods,  anal3rses  of 8,  9 

Peimut  bran,  analyses  of 102 

Phosphates,  bone,  effect  of  nitrogen  associated  with 267 

effect  of,  upon  phosphoric  acid  content  of  crops 259-264 

NoTK.— For  pp.  1-14  see  BuL  102 ;  for  pp.  15-46  me  Bui.  103 ;  for  pp.  47-92  see  Bui.  104  ; 
for  pp.  93-106  lee  Bui.  105;  for  pp.  109-154  see  Bui.  106 ;  for  pp.  155-168  see  BuL  107. 
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PAOB. 

Phosphoric  acid,  deficiencies,  ascertaining 253-285 

determination,  method  of 231-235 

Phosphorus,  soil,  effect  of  lime  upon  the  assimilability  of 264-267 

solvent  action  of  dilute  acid  upon  soil 273-281 

Plant  growth  a»  affected  by  sodium  and  potassium  salts 49-92,  111-138 

peculiarities  as  shown  by  sodium  salts 49-92,  111-138 

Potassium  and  sodium  salts,  after-effect  of 138-149 

Poultry  feed,  analyses  of 102 

Radishes  grown  in  greenhouse 159-164 

Rhode  Island  soil,  causes  of  improductivity  in  a. 286-323 

Rogers  &  Hubbard  Co.'s  goods,  analyses  of 8,  9 

Rotation,  a  market  garden 201-204 

Russia  Cement  Co.'s  goods,  analyses  of 10,  11 

Rye,  effect  of  sodium  salts  on  growth  of 54-57,  86 

Sanderson  Fertilizer  &  Chemical  Co.'s  goods,  analyses  of 10,  11 

Ship  stuff,  analysis  of 98 

Shoemaker,  M.  L.,  <&  Co.'s  goods,  analyses  of 10,  11 

Sodium  salts,  agricultural  value  of 49-92,  111-138 

effect  upon  growth  of  beets 63-66,  87,  129-132 

barley,  Manshury 57-61,  86 

beans. 78-80,  90 

carrots 69-71,  88,  126-129 

com 111-117 

chicory 66-68,  88,  123-126 

grass 138-149 

lettuce 73-75,  89 

millet,  golden 61-63,  87 

radish 75-78,  89,  119-123 

rye,  spring 54r-57,  86 

squash,  summer 132-136 

soy  bean 136-138 

turnip,  flat 80-82,  90 

ruta-baga 82-85,  91 

and  potassium  salts,  after  effect  of 138-149 

NoTK.— For  pp.  1-14  066  Bui.  102 ;  for  pp.  15-46  866  Bui.  103 ;  for  pp.  47-92  866  Bui.  104  ; 
for  pp.  03-108  866  Bui.  105 ;  for  pp.  109-154  866  Bui.  106 ;  for  pp.  155-168  866  Bui.  107. 
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Index.  vii. 

PAOB. 

Soil,  causes  of  unproductivity  in  a  Rhode  Island 289-323 

constituents,  effect  of  liming  upon 242-252 

Station  staff 192-193 

Stock-feed,  analyses  of 101 

Strawberry  seedlings 215-219 

Tomatoes  grown  in  greenhouse 164-166 

Treasurer,  report  of 345 

Vegetables,  tent  covering  for 210-215 

Wilcox  Fertilizer  Works,  goods,  analyses  of 10,  11 

Wood-ashes,  analyses  of 12 

NoTK.— For  pp.  1-14  tee  Bui.  102 ;  for  pp.  15-46  aee  Bui.  103 ;  for  pp.  47-02  see  Bui.  104  ; 
for  pp.  93-108  see  Bui.  105 ;  for  pp.  100-154  see  Bui.  106 ;  for  pp.  155-168  see  Bui.  107. 
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PART     II 
MINCTCENTH      ANNUAL 
REPORT. 

FORMAL.    REPORT    OF 

THE    BOARD     OF     MANAGERS 

IS     PART    I. 

COLLCGC     CATALOGUE 
19     PART     lil. 


Kingston, 


R.I. 
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Harvard  Colle  :e  Library 
July  9,   1912 
Gift  of 
AlBdrioaD  Eco«  omic  AsBociatioil 

BOARD    OF   MANAGERS 

OF  THB 

RHODE  ISLAND 
College  of  Agriculture  and  Mechanic  Arts* 


Cha8.  Dean  Kimball,  President^ .     -    -    -  Providence  Co.,  Providence,  R  I. 

Robert  S.  Burlinoamb,  Vice-PreMerU,     -  -      Newport  Co.,  Newport,  R.  I. 

C.  H.  CoGOESHALL,  Clerk  and  Treamrer,     -  -    -    -  Bristol  Co.,  Bristol,  R.  I. 

Thomas  G.  Mathewson,      ------  Kent  Co.,  East  Greenwich,  R.  I. 

J.  V.  B.  Watson, Washington  Co.,  Wakefield,  R.  I. 


EXPERIMENT  STATION  COUNCIL. 

^    „ ,    ,,  (  President  of  the  College. 

Kenton  L.  Butterfibld,  A.  M., <  „     ^  .   ,,     , 

(  Ex^fflcio  Member. 
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The  publicationa  of  the  Station  trtU  h$  mailed  free  on  requeet  to  any  one  in  Rhode  leland  <•»- 
tereated  in  aaricuUure.  The  Station  deeiree  the  co-operation  of  the  fartnere  of  the  State  in  the 
work  of  inveetigation,  and  any  facte  of  epecial  intereet  concemino  animal  or  veoetable  growth  or 
dieeaee  are  eolicited.  Vititore  are  alwaye  welcome,  Ra/Uway  elation,  telegraph,  expreee,  and 
poet-office-~Kingelon  Rhode  leland.    Long  dietance  telephone,  Narraganeett  Pter  exchange, 

^Expert  in  the  Bureau  of  Animal  Industry,  U.  S.  Department  of  Axrieulture.  Enc*sed 
in  co-operative  work  between  the  Bureau  and  the  Station. 

tAppointed  special  agent  in  the  Bureau  of  Soils,  U.  S.  Department  of  Agricultuie.  Wash- 
ington, D.  C.     Engaged  in  co-operative  work  between  the  Bureau  and  the  Station. 
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LETTER  OF  TRANSMITTAL. 


To  His  Excellency,  James  H.  Higgxns,  Oovemor,  and  the  Honorable 
the  General  Assembly  of  the  State  of  Rhode  Island,  at  its  January 
Session,  1907. 

Kingston,  R.  I.,  January  1,  1907. 

I  have  the  pleasure  to  present  herewith,  in  compliance  with  the 
statute  of  the  State  and  the  Congressional  act  of  March  2,  1887, 
the  Report  of  the  Director  of  the  Rhode  Island  Agricultural  Ex- 
periment Station  for  the  year  ended  June  30,  1906. 

Respectfully  submitted. 

For  the  Board  of  Managers, 

CHARLES  DEAN  KIMBALL, 
President. 
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AGRICULTURAL  EXPERIMENT  STATION 

OF  THE 

Rhode   Island  College  of  Agriculture  and  Mechanic  Arts. 

Kingston,  R.  I.,  June  30,  1906. 

Hon.  Charles  Dean  Kimball, 

President,  Board  of  Managers. 

Sir: — I  have  the  honor  to  transmit  herewith  the  Nineteenth 
Annual  Report  of  the  Rhode  Island  Agricultural  Experiment  Station 
for  the  year  ending  June  30,  1906. 

Respectfully  yours, 

H.  J.  WHEELER, 

Director, 
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REPORT  OF  THE  DIRECTOR 


Kingston,  R.  I.,  August  16,  1906. 

To  Honorable  Charles  Dean  Kimball,  President  of  the  Board  of  Man- 
agers of  the  Rhode  Island  College  of  AgricvUure  and  Mechanic 
Arts. 

Sir: — Below  will  be  found  a  report  concerning  the  work  of  the 
Experiment  Station  for  the  year  ended  June  30, 1906. 

Division  op  Chemistry. 

The  Division  of  Chemistry  has  continued  the  collection  and  analy- 
sis of  commercial  fertilizers  and  commercial  feeding-stufifs.  Two 
Bulletins  have  been  published  during  the  year  on  fertilizers,  and  one 
on  feeding-stuffs. 

It  is  believed  that  the  publication  of  these  analyses,  especially  the 
latter,  has  exerted  an  especially  beneficial  influence,  and  the  cor- 
respondence with  manufacturers  whose  goods  were  found  to  be  faulty 
has  in  most  cases  resulted  in  immediate  steps  being  taken  to  correct 
the  condition. 

That  such  efforts  are  necessary  in  order  to  keep  the  goods  up  to  a 
proper  standard  must  be  evident  to  anyone  who  examines  with  care 
the  recent  Bulletin  No.  112. 

Aside  from  the  routine  analytical  work  in  connection  with  other 
divisions,  the  most  important  analyses  of  the  year  have  been  made  in 
connection  with  the  study  of  the  assimilability  or  actual  agricultural 
value  of  organic  nitrogen  derived  from  a  considerable  number  of 
different  sources,  and  in  the  course  of  the  study  of  the  functions,  and 
the  agricultural  value,  of  certain  sodium  salts. 
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In  all  the  work  of  the  division  I  have  been  ably  assisted  by  Doctor 
Hartwell,  who  has  had  the  entire  responsibility  for  all  of  the  labora- 
tory details  and  for  the  continuation  of  the  work  on  the  assimil- 
ability  of  nitrogen. 

Further  details  concerning  special  work  of  the  Chemical  Division 
can  be  found  in  an  article  on  the  sodium  investigations,  which  is  to  be 
found  in  the  subsequent  pages. 

Division  of  Horticulture. 

The  Horticultural  Division  has  continued  the  experiments  out- 
lined in  my  report  of  the  previous  year.  In  addition  an  experiment 
has  been  begun  for  the  purpose  of  testing  various  individual  grasses, 
mixtures  of  grasses,  and  combinations  of  certain  grasses  with  common 
white  clover,  in  order  to  ascertain  their  relative  adaptability  for  ordi- 
nary lawns,  golf  links,  and  polo  grounds.  In  connection  with  this 
trial  it  is  designed  to  test  the  influence  of  various  manurial  combina- 
tions upon  the  permanence  of  the  clover  and  of  the  several  grasses. 

Further  details  of  the  work  of  the  division  may  be  found  embodied 
in  the  special  report  of  the  Horticulturist,  Professor  Card,  which  is  to 
be  found  in  the  subsequent  pages. 

Division  of  Agronomy. 

The  general  work  of  the  Division  of  Agronomy  has  been  continued 
in  essentially  the  lines  laid  down  in  my  former  report.  It  consists  in 
the  study  of  seven  different  rotations  of  crops,  a  trial  of  the  relative 
efficiency  of  several  different  phosphatic  manures,  a  study  of  the 
agricultural  value  of  sodium  salts,  the  influence  of  lime  upon  the 
growth  of  miscellaneous  plants,  the  most  economical  mixtures  of 
manures  for  use  in  grass  culture,  the  efficiency  of  Peruvian  guano 
for  grass  and  certain  hoed  crops,  variety  tests  of  early  field  corn  and 
of  potatoes,  experiments  in  continuous  corn  and  grass  culture,  and 
tests  of  various  fungicides  and  insecticides. 
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My  associate  in  this  work,  Mr.  George  E.  Adams,  has  entire  charge 
of  all  the  details,  and  has  carried  on  independently  the  experiments 
with  potato  varieties,  potato  spraying,  and  fungicides. 

Division  of  Animal  Husbandry. 

The  energies  of  the  Division  of  Animal  Husbandry,  which  is  under 
the  direction  of  Doctor  Curtice,  have  been  devoted,  as  heretofore,  to 
questions  of  incubation  and  brooding,  in  connection  with  ordinary 
fowl.  In  addition  experiments  have  been  begun  with  guinea  fowl, 
and  pheasants,  in  the  same  direction.  At  the  same  time  it  was  hoped 
to  learn  some  of  the  causes  of  the  losses  of  young  pheasaftts,  to  study 
the  methods  of  avoiding  loss,  and  to  ascertain  if  these  two  kinds  of 
birds  are  immune  to  the  blackhead  disease  {Entero-hepatUiSf  Smith) 
which  is  so  fatal  to  the  turkeys. 

The  chief  work  of  the  division  has  been  in  ascertaining,  if  possible 
under  what  conditions  turkeys  could  be  reared  successfully,  the 
means  by  which  the  black-head  disease  is  communicated,  and  how  it 
can  be  most  successfully  combated. 

In  this  connection  the  attempt  is  being  made,  in  cooperation  with 
the  Bureau  of  Animal  Industry  of  the  U.  S.  Department  of  Agri- 
culture, to  ascertain  if  wild  turkeys  are  immune  to  the  disease  and  if  it 
is  not  possible  to  breed  immune  birds  which  shall  possess  high  eco- 
nomic value  for  various  purposes. 

Great  difficulty  has  been  experienced  in  securing  wild  stock,  owing 
to  the  fact  that  in  several  states  and  territories  the  laws  prohibit  the 
exportation  of  the  live  birds.  Nevertheless  the  local  laws  permit  the 
shooting  of  wild  turkeys  for  several  weeks  during  the  year.  In  order 
to  meet  this  difficulty  it  has  become  necessary  to  appeal  to  the  local 
authorities  to  take  steps  to  have  the  laws  modified  so  as  to  permit  the 
capture  of  wild  turkeys  in  limited  numbers  for  scientific  breeding 
purposes.  Owing  to  the  fact  that  the  legislatures  in  most  cases 
meet  only  biennially,  much  time  and  patience  is  required  to  secure 
help  by  way  of  local  legislation. 
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Doctor  Curtice  now  has  a  Bulletin  in  preparation  which  will  set 
forth  some  of  the  results  obtained  in  connection  with  the  turkey  work, 
and  during  the  coming  year  it  is  hoped  that  additional  matter  con- 
cerning turkeys,  and  also  the  results  of  the  unpublished  work  on  incu- 
bation and  brooding,  may  be  issued. 

The  Adams  Act. 

Through  the  energy  of  the  late  Hon.  H.  C.  Adams,  Representative 
in  Congress  from  Wisconsin,  aided  by  the  farmers'  organizations 
throughout  the  United  States,  an  act  was  passed  by  Congress,  on 
March  16,  1906,  increasing  the  appropriation  for  each  Agricultural 
Experiment  Station  in  the  United  States  $5,000  for  the  fiscal  year 
ending  June  30,  1906;  $7,000  for  the  following  fiscal  year,  and  so  on 
until  the  additional  annual  appropriation  shall  reach  the  sum  of  $15,- 
000;  or  in  other  words  until  the  total  annual  appropriation  including 
the  fund  derived  from  the  Hatch  act,  shall  reach  the  sum  of  $30,000 
per  annum. 

Under  a  subsequent  ruling  of  the  Comptroller  of  the  Treasury  it  was 
held  that  the  first  appropriation  was  not  legally  made  to  begin  before 
the  fiscal  year  beginning  July  1,  1906.  In  view  of  this  a  rider  was 
attached  to  the  Agricultural  Appropriation  bill,  interpreting  the  act 
in  such  a  way  as  to  make  the  fund  available  from  and  after  March  16, 
1906.  This  bill  was  not,  however,  passed  until  a  day  or  two  before 
the  close  of  the  fiscal  year,  on  which  account,  due  to  the  lapsing  of 
the  fund  on  June  30  if  unexpended,  some  of  the  Stations  are  likely 
to  lose  the  whole  or  a  part  of  the  first  year's  appropriation.  By  the 
passage  of  this  act  this  Station  will  have  at  disposal  for  the  coming 
year  the  sum  of  $22,000  for  experimental  purposes,  in  addition  to  aid 
by  way  of  cooperation  on  the  part  of  the  Bureau  of  Animal  Industry 
of  the  U.  S.  Department  of  Agriculture  to  the  extent  of  $2,150  and  on 
the  part  of  the  Bureau  of  Soils  to  the  extent  of  furnishing  two  men 
for  several  months  for  investigation  work. 

Under  the  interpretation  of  the  authorities  in  Washington  the 
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Adams  fund  can  be  applied  only  to  paying  the  necessary  expenses  of 
conducting  original  researches  or  experiments  hearing  directly  on  the 
agricnUural  industry  of  the  United  States.  Expenses  for  administra- 
tion, care  of  buildings  and  grounds,  insurance,  office  furniture  and  fit- 
tings,  demonstration  and  institute  work,  and  travelling  in  connection 
with  administration  duties,  the  printing  and  issuing  of  bulletins  and 
reports,  can  not  be  paid  from  this  fund. 

Needs  of  the  Station. 

Owing  to  the  increased  need  of  laboratory  and  office  room  in 
consequence  of  the  passage  of  the  Adams  act,  it  will  probably  soon 
become  necessary  for  the  College  to  withdraw  entirely  from  the  Sta- 
tion building.  Heretofore  one  of  the  rooms  has  heen  used  exclusively 
as  an  agricultural  lecture  room  and  another  has  been  used  for  a  por- 
tion of  the  time  as  a  physical  soil  laboratory  and  geological  lecture 
room.  In  addition,  also,  Mr.  Stene,  who  is  in  charge  of  the  extension 
and  demonstration  work  of  the  College,  has  maintained  his  ofl&ce  in 
the  building  and  also  the  heads  of  the  Divisions  of  Agronomy  and 
Animal  Husbandry  of  the  College. 

A  most  pressing  need  at  the  present  time  is  a  suitable  fire  and. 
moisture  proof  storage  vault,  in  which  all  of  the  records  of  the  ex- 
perimental work  can  be  kept.  The  present  safe  is  practically  full,  and, 
furthermore,  it  does  not  afford  proper  protection  in  case  of  fire. 

It  is  obviously  undesirable  to  accumulate  experimental  data,  se- 
cured at  a  cost  of  many  thousands  of  dollars  per  year,  without  pro- 
viding a  place  where  they  can  be  secure  from  the  danger  of  fire.  In 
addition  to  the  storage  vault  there  should  be  provided  a  suitable 
office  for  the  Director,  where  it  is  possible  to  do  consecutive  work 
without  the  continual  disturbance  which  results  when  he  is  obliged  to 
do  all  of  his  work,  as  at  present,  in  the  chief  business  office  of  the  Sta- 
tion, which  must  of  necessity  be  always  open  to  the  Station  staff  and 
to  the  public.  In  this  particular  it  is  a  matter  of  economy  to  furnish 
the  same  facilities  for  writing  and  executive  work  which  are  provided 
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in  every  well-ordered  business  office  and  which  are  usually  found  in 
other  experiment  stations. 

It  is  of  vital  importance  to  the  Station  at  this  time  that  additional 
land  should  be  set  aside  for  use  in  connection  with  the  experiments  in 
agronomy  and  horticulture. 

Publications  of  the  Year. 

The  following  is  a  list  of  the  publications  issued  during  the  year: 

Eighteenth  Annual  Report,     pp.  179  to  352. 

Bulletin  No.  108,  "Analyses  of  Commercial  Fertilizers."     12  pp. 

Bulletin  No.  109,  **A  Comparison  of  the  Results  Obtained  by  the  Method  of 
Cultures  in  Paraflftned  Wire  Pots  with  the  Field  Results  on  the  Same  Soil." .  22 
pp. 

Bulletin  No.  110,  'Tonmiercial  Fertilizers."     16  pp. 

BuUetin  No.  Ill,  ** Potatoes."     16  pp. 

Bulletin  No.  112,  "Commercial  Feeding-Stuffs."     22  pp. 

Bulletin  No.  113,  "Continuous  Corn  Culture."     18  pp. 

Bulletin  No.  114,  "A  Test  of  Nine  Phosphates  with  Different  Plants."     23  pp. 

Changes  in  the  Station  Staff. 

On  August  21,  Mr.  W.  F.  Kirkpatrick,  B.  Agr.,  B.  E.,  a  graduate  of 
the  North  Carolina  College  of  Agriculture  and  Mechanic  Arts,  was  ap- 
pointed expert  in  the  Bureau  of  Animal  Husbandry  of  the  U.  S.  De- 
partment of  Agriculture.  He  was  then  detailed  to  assist  in  the  work 
conducted  here  in  turkey  breeding,  in  which  the  Bureau  and  Station 
are  cooperatively  engaged. 

On  September  1,  Mr.  George  E.  Adams,  B.  Sc,  formerly  assistant 
in  agronomy  was  made  associate  agronomist. 

Mr.  James  W.  Kellogg,  B.  Sc,  who  had  served  most  acceptably  as 
assistant  chemist  at  the  Station  for  about  three  years,  resigned  in 
January,  1906,  to  accept  a  position  as  chemist  in  Atlanta,  Ga. 

On  June  5,  Mr.  Matthew  Steel,  M.  Sc,  who  had  been  employed  at 
the  Station  under  appointment  as  expert  in  the  Bureau  of  Soils  of 
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U.  S.  Department  of  Agriculture  in  cooperative  chemical  work  con- 
cerning the  action  of  sodium  salts  upon  soils  and  plants,  tendered  his 
resignation  in  order  to  take  up  advanced  studies  at  Colimibia  College, 
New  York.  Mr.  J.  P.  Gray,  B.  Sc,  who  had  been  connected  with  the 
Station  as  assistant  chemist,  also  tendered  his  resignation,  which  went 
into  effect  on  June  9. 

The  position  as  stenographer  and  librarian,  made  vacant  by  the 
resignation  of  Miss  Martha  Vickery  at  the  close  of  the  previous  fiscal 
year,  was  filled  by  the  appointment  of  Miss  Alethea  R.  Puffer,  A.  B.,  a 
graduate  of  Mt.  Holyoke  College,  who  in  turn  resigned,  on  February 
1, 1906,  to  accept  a  more  lucrative  position  elsewhere.  Subsequently 
Miss  E.  Elizabeth  Meears  was  appointed  to  the  position  thus  made 
vacant. 

On  April  1,  Mr.  F.  L.  Yeaw,  B.  Sc,  a  graduate  of  the  Massachusetts 
Agricultural  College,  was  appointed  assistant  in  agronomy.  Early 
in  May,  1906,  he  was  appointed  expert  in  the  Bureau  of  Soils  of  the 
U.  S.  Department  of  Agriculture  and  was  detailed  to  this  Station  to 
assist  in  codperative  soil  tests  in  which  the  Bureau  was  lending  the 
Station  its  aid. 

Mr.  A.  W.  Richardson,  B.  Sc,  a  graduate  of  the  Maine  State  Uni- 
versity, was  appointed  assistant  in  agronomy  on  April  22,  1906. 

On  May  7,  Mr.  J.  F.  Morgan,  M.  Sc,  a  graduate  of  St.  Lawrence 
University,  was  appointed  assistant  chemist;  and  on  June  1,  Mr.  Fred 
G.  Keyes,  who  was  about  to  graduate  with  the  degree  of  B.  Sc  from 
the  Rhode  Island  College  of  Agriculture  and  Mechanic  Arts,  was  ap- 
pointed temporary  assistant  in  chemistry. 

On  October  1,  1905,  M.  A.  Blake,  B.  Sc,  who  had  served  most 
acceptably  as  assistant  horticultiu-ist,  resigned  to  accept  a  more  re- 
munerative position  elsewhere,  and  H.  L.  Barnes,  B.  Sc,  was  ap- 
pointed in  his  place. 

Cooperative  Work. 
The  work  on  soils  and  in  the  breeding  of  turkeys  in  cooperation 
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with  the  Bureau  of  Soils  and  the  Bureau  of  Animal  Industry  of  the 
U.  S.  Department  of  Agriculture  has  been  continued,  and  it  is  hoped 
the  coming  autumn  or  winter  to  publish  two  or  more  bulletins  giving 
an  account  of  some  of  the  results  thus  far  secured. 
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FRED  W.  CARD,   M.  A.  BLAKE,  AND  H.  L.  BARNES. 


Destroying  Charlock  in  Grain  Fields. 

The  charlock,  or  wild  radish,  forms  one  of  the  most  troublesome 
pests  in  grain  fields  in  this  region. 

As  a  part  of  his  student-investigation  work  in  the  College,  Mr.  A.  E. 
Wilkinson,  one  of  our  agricultural  students,  undertook  to  determine 
the  effect  of  spraying  a  field  of  oats  and  peas  badly  infested  with 
charlock.  Two  solutions  were  used:  one  containing  60  pounds  of 
popperas  (iron  sulfate)  to  40  gallons  of  water,  the  other  containing  12 
poimds  of  blue  vitriol  (copper  sulfate)  to  40  gallons  of  water.  A  po- 
tato sprayer  was  used  in  this  work.  The  copper  sulfate  was  applied 
June  8,  the  iron  sulfate  June  14.  The  charlock  was  then  in  bloom,  and 
too  tall  to  be  effectually  reached  by  the  spray  with  the  machine  used. 

On  June  14,  when  the  copperas  was  applied,  the  part  previously 
sprayed  with  copper  sulfate  showed  that  the  charlock  leaves  were  ap- 
parently killed  where  hit  by  the  spray.  Many  of  the  buds  and  blooms 
were  also  killed.  Tips  of  many  of  the  oat  leaves  were  also  killed,  and 
some  leaves  of  the  peas  were  hurt,  usually  the  lower  ones.  The  in- 
jury did  not  appear  to  be  serious  enough  to  materially  check  the 
growth  of  the  oats  or  peas.  The  spraying  seemed  to  be  even  more 
effective  in  destroying  a  common  weed,  resembling  smartweed,  be- 
longing to  the  genus  Polygonum,  which  was  abundant  in  the  field. 
The  plants  of  this  weed  were  still  small,  and  the  leaves  appeared  to  be 
easily  killed  by  the  spray.  Later  observations  proved  that  the  char- 
lock had  been  well  killed  out  in  lines  across  the  field  where  it  had  been 
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struck  by  the  spray.  A  machine  working  further  from  the  ground 
would  have  been  more  effective  at  that  time. 

In  the  portion  sprayed  with  copperas  (iron  sulfate)  the  oats  and 
peas  appeared  to  be  injured  more  than  the  charlock.  Some  charlock 
leaves  were  killed,  but  riot  enough  to  prevent  its  blossoming  in  a  nor- 
mal manner.  The  peas  in  particular  had  many  of  the  lower  leaves 
blackened  and  killed.     Many  of  the  tops  of  the  oats  were  also  killed. 

At  the  time  the  oats  and  peas  were  harvested  for  hay  the  charlock 
was  very  little  in  evidence,  apparently  having  been  considerably  re- 
duced by  the  spraying.  Judging  by  this  experience,  a  spray  of  copper 
sulfate  in  the  strength  here  used,  if  applied  in  the  earlier  stages  of 
growth,  when  the  plants  could  be  more  effectually  reached,  would 
prove  decidedly  effective  in  destroying  this  plant,  with  no  permanent 
injury  to  the  grain  crop. 

Grafting-Wax. 

In  the  spring  of  1905  a  number  of  formulas  for  making  grafting- 
wax  were  tried  in  the  laboratory.  We  were  led  to  do  this  from  get- 
ting a  lumpy  wax  in  some  cases.  The  chief  object  was  to  determine 
the  cause  of  this  lumpy  condition. 

A  Common  Wax. 

4  lbs.  resin. 
2  lbs.  beeswax. 
1  lb.    tallow 

This  is  a  common  formula  and  gives  an  excellent  wax,  very  smooth, 
but  rather  too  hard  when  it  cools.  Adding  a  little  tallow  to  this 
softens  it  without  making  it  lumpy. 


A  Wax  With  Less  Resin. 


3  lbs.  resin. 
3  lbs.  beeswax. 
2  lbs.  tallow. 
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Although  recommended  by  high  authority  as  excellent,  in  our  ex- 
perience this  formula  made  a  very  sticky,  lumpy  wax,  being  soft  but 
so  sticky  that  it  could  hardly  be  worked  at  all.  Adding  more  resin 
improved  it,  taking  away  the  stickiness  and  most  of  the  lumps.  Add- 
mg  tallow  made  it  very  sticky  and  lumpy  again,  so  much  so  that  it 
could  not  be  worked. 

An  Oil  Wax, 
4  lbs.  resin. 
2  lbs.  beeswax. 
1  pint  linseed  oil. 

This  gave  a  soft,  sticky,  and  very  lumpy  wax.  Adding  resin  took 
away  the  stickiness  and  nearly  all  the  lumps,  making  it  smooth  but 
hard.  The  addition  of  more  oil,  after  extra  resin  had  already  been 
added,  made  it  softer  but  retained  the  smoothness  and  freedom  from 
lumps.  The  additionof  beeswax  to  this  lumpy  wax  made  from  oil 
did  not  change  it  to  any  extent. 

A  Smaller  Proportion  of  Oil, 

100  grams  resin. 
50  grams  beeswax. 
20  grams  linseed  oil. 

This  makes  a  soft  pliable  wax,  appearing  somewhat  dry  and  a  little 
granular,  but  hardening  into  a  very  nice  wax.  It  is  not  so  hard  as 
the  4-2-1  tallow  wax,  but  is  possibly  a  little  too  hard  for  most  con- 
venient use. 

Resin  4,  paraffine  2,  oil  1  (by  weight),  made  a  lumpy  wax,  appar- 
ently too  soft. 

Resin  4,  paraffine  2,  tallow  1,  gave  a  very  nice,  soft,  white  wax,  but 
with  a  few  lumps.  This  would  break  when  first  being  worked,  and 
was  too  soft  and  sticky.     It  would  probably  run  with  heat. 

A  mixture  of  resin  and  tallow  alone  gave  a  very  lumpy  wax,  sticky 
and  ductile. 
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Two  parts  resin  to  one  part  beeswax  seems  to  be  the  best  propor- 
tion to  use.  More  or  less  tallow  or  oil  can  be  used  to  render  the  wax 
harder  or  softer  as  desired.  Adding  tallow  to  a  good  wax  does  not 
bring  lumps  if  not  used  in  too  great  quantities.  Adding  resin  to  a 
soft  lumpy  wax  will  render  it  smooth  and  pliable.  Oil  waxes  are 
lighter  in  color  than  tallow  waxes. 

Lawn  Experiment. 

An  experiment  with  lawn  plats  was  begun  in  the  summer  of  1905, 
with  the  active  advice  and  cooperation  of  the  Director  The  object 
of  this  was  to  test  the  influence  of  different  fertilizers  upon  the  per- 
manence of  white  clover  and  certain  grasses  and  to  compare  the 
adaptability  of  different  grasses  and  mixtures  for  lawns,  golf  links, 
and  polo  grounds. 

A  triangular  piece  of  land  at  the  end  of  the  horticultural  grounds 
afforded  opportunity  for  twenty-five  plats  each  fourteen  by  twenty 
feet  in  size,  with  paths  two  feet  wide  between.  Partial  plats  adjoin- 
ing the  diagonal  boundary  line  afforded  opportunity  for  further  plats 
varying  in  size,  and  making  thirty-three  in  all. 

The  plan  of  the  experiment  was  as  follows : 

I.  FertHizer  fvmUhing  an  add  residue. — Sulfate  of  ammonia,  acid  phosphate, 

muriate  of  potash. 

Plat  1.  Kentucky  blue-grass  {Poa  pratensia). 

"    2.  Rhode  Island  bent  (AgrosH*  canina). 

"     3.  Red  top  (Agroatis  alba), 

"    4.  Red  fescue  (Festuca  rubra), 

''     5.  Mixture  No.  1:  Kentucky  blue-grass,  Rhode  Island  bent,  redtop,  white 

clover. 

"    6.  Mixture  No.  2:  Rhode  Island  bent,  redtop,  red  fescue. 

"     7.  Henderson's  lawn  grass. 

II.  Fertilizer  furnishing  an  alkaline  residue. — Basic  slag,  muriate  of  potash, 

nitrate  of  soda. 

Plat     8.     Kentucky  blue-grass. 
"       9.     Rhode  Island  bent. 
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Plat  10.    Redtop. 
"    11.    Red  fescue. 
"    12.    Mixture  No.  1:    Kentucky  blue-graas,  Rhode  IsUtiid  bent,  redtop, 

white  clover. 
"    13.    Mixture  No.  2:  Rhode  Island  bent,  redtop,  red  fescue. 
"    14.    Henderson's  lawn  grass. 

III.  Fertilizer  furnishing  a  nearly  neutral  residue, — ^Acid  phosphate,  muriate 
of  potash,  nitrate  of  soda,  ground  bone. 

Flat  15.    Kentucky  blue-grass. 
"    16.    Rhode  Island  bent. 
"    17.    Redtop. 
"    18.    Mixture  No.  1:  Kentucky  blue-grass,  Rhode  Island  bent,  redtop,  white 

clover. 
"    19.    Henderson's  lawn  grass. 

rv.    Fertilizer  tests. — Grass  mixture  No.  1. 

Plat  20.  Acid  fertilizer  (sulfate  of  ammonia,  acid  phosphate,  muriate  of  pot- 
ash), with  one-third  ration  of  nitrogen. 

"    21 .    Acid  fertilizer,  with  one-third  ration  of  phosphoric  acid. 

"    22.    Acid  fertilizer,  with  one-half  ration  of  potash. 

"  23.  Acid  fertilizer,  with  one-half  ration  of  potash  and  one-third  ration  of 
nitrogen. 

"  24.  Alkaline  fertilizer — ^Nitrogen  from  dried  blood  (dried  blood,  basic  slag 
meal,  muriate  of  potash). 

''  2o.  Acid  fertilizer. — ^Potash  from  sulfate.  (Sulfate  of  anmionia,  acid 
phosphate,  sulfate  of  potash.) 

V.     AddUional  grasses. — Partial  plats.      Neutral  fertilizer  (acid  phosphate, 
muriate  of  potash,  nitrate  of  soda,  ground  bone). 

Plat  26.  Thorbum  lawn-grass. 

"  27.  Thorbum  lawn-restoring  mixture. 

"  28.  Thorbum  putting-green  mixtiu^. 

"  29.  Thorbum  golf-links  mixture. 

''  30.  Henderson  terrace-sod  mixture. 

"  31.  Henderson  tough-turf  mixture. 

"  32.  Creeping  bent  (Agrostis  stolonifera). 

"  33.  Canada  blue-grass  (Poa  compressa). 

4 
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The  fertilizer  ration  used  in  all  cases,  no  matter  what  the  source 
of  the  materials,  was  as  follows : 

Per  acre.  Per  plat. 

Actual  nitrogen 60  lbs.  5 .  14  ozs. 

Actual  phosphoric  acid 60    "  6.17    " 

Actual  potaflh 150    "  15.42    " 

The  amount  of  seed  used  was  six  ounces  per  plat,  equivalent  to 
58.3  pounds  per  acre.  The  area  of  each  partial  plat  was  calculated 
so  that  the  fertilizer  and  seed  were  applied  at  the  same  rates  per  acre 
as  in  the  full  sized  plats. 

Of  the  seed  used,  the  following  kinds  were  obtained  from  J.  M. 
Thorburn  &  Company:  Kentucky  blue-grass,  redtop,  red  fescue, 
white  clover,  creeping  bent,  Canada  blue-grass,  Thorburn  lawn-grass, 
Thorburn  lawn-restoring  grass,  Thorburn  golf-links  mixture,  Thor- 
burn putting-green  mixture.  The  remaining  kinds,  consisting  of  the 
following,  were  obtained  from  Peter  Henderson  and  Company: 
Rhode  Island  bent,  Henderson's  lawn-grass,  Henderson's  terrace-sod 
lawn-grass,  Henderson's  tough-turf  lawn  grass. 

The  land,  which  had  been  under  the  plow  for  several  years  previ- 
ously, was  kept  well  tilled  during  the  early  part  of  the  season  so  as 
to  be  in  excellent  condition  for  seeding. 

The  plats  were  fertilized  and  seeded  on  August  11,  1905;  the  seed 
being  raked  in  by  hand  and  the  ground  rolled  with  a  hand  roller. 

The  plats  were  not  mowed  during  the  fall  of  1905.  Some  of  them 
made  so  much  growth  that  spots  were  killed  out  by  the  grass  that 
remained  on  them  during  the  winter. 

Fertilizer  of  the  same  amount  and  character  as  that  applied  at  the 
time  of  seeding  was  applied  to  the  surface  May  21, 1906. 

The  following  notes  explain  the  character  of  lawn  resulting  from 
the  different  methods  of  treatment  as  observed  in  the  autumn  and 
early  summer:* 

Kentucky  Blue-grass, — This  grass  did  not  make  a  strong  start  at  the 

*Later  observations  modify  some  of  these  impr^fflons. 
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beginning,  though  apparently  germinating  well  and  being  thick  on 
the  ground.  Plat  8  was  quite  weedy  at  the  south  end,  where  it  ex- 
tended upon  an  old  roadway.  A  pronounced  yellowish  tinge  was 
apparent  during  the  autumn,  but  in  spring  the  appearance  was  good. 

Rhode  Island  Bent. — This  made  a  very  fine,  thick  growth  in  the  fall^ 
though  somewhat  unevenly  sown.  A  bluish  tinge  was  apparent.  It 
gave  a  very  fine,  velvety  turf  in  the  spring,  but  somewhat  spotted 
from  the  dead  grass  which  showed  through. 

Redtop, — This  proved  to  have  been  unevenly  sown,  but  made  a 
strong  growth,  giving  a  good,  green  appearance  in  the  fall.  At  the 
beginning  of  the  summer  of  1906  it  appeared  fairly  even,  but  coarse  in 
texture  as  compared  with  Kentucky  blue-grass,  and  especially  in 
comparison  with  Rhode  Island  bent. 

Red  Fescue. — This  grass  is  so  fine  that  the  plats  appeared  bare  and 
thin  during  the  autumn,  but  the  following  spring  they  seemed  very 
good,  the  color  then  being  dark  green.  The  plats  showed  a  slight  ad- 
mixture with  coarser  grasses,  chiefly  velvet  grass  or  meadow  soft 
grass  {Holcus  lanatus). 

Mixture  No.  1. — Kentucky  blue-grass,  Rhode  Island  bent,  redtop, 
white  clover.  This  mixture  made  an  excellent  start,  producing  a 
lawn  quickly.  The  white  clover  was  very  noticeable  in  autumn.  In 
spring  the  lawn  was  very  good. 

Henderson's  Lawn-grass  made  a  very  prompt  showing,  owing  to  the 
presence  of  a  coarse,  slender,  shiny  grass  which  later  proved  to  be 
perennial  rye-grass.  The  finer  grasses  were  not  very  thick;  this  one 
being  most  prominent.  The  following  spring  these  plats  appeared 
coarse  and  less  attractive  than  most  of  the  others.* 

Mixture  No.  2 — .Rhode  Island  bent,  redtop,  red  fescue.  This  mix- 
ture started  well  and  produced  a  good  lawn;  the  grass  appearing  fine 
and  short  in  the  autumn. 


*  The  final  judgment  as  to  the  relative  merits  of  all  of  the  mixtures  and  individual  grasses 
must  be  delayed  for  possibly  several  years. 
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No  noticeable  differences  could  be  detected  in  plats  Nos.  20  to 
25,  which  received  varying  amounts  of  different  fertilizer  ingredients. 

Thorhum  Lawnrgrasa. — This  made  a  fine  start,  the  grass  being  thick 
and  vigorous,  with  good,  dark-green  color.  It  made  a  good,  fine  turf 
the  following  spring. 

Thorhum  Lavmrrestoring  Mixture, — ^This  made  a  strong,  vigorous 
growth  in  autumn,  being  tall  and  thick,  with  a  yellowish-green  tinge, 
but  coarse  in  appearance  the  following  spring. 

Thorhum  Putting-green  Mixture, — ^This  was  similar  in  ^pearance 
to  the  lawn-restoring  mixture,  but  made  a  good  growth. 

Thorhum  Oolf-links  Mixture,  Henderson's  Terrace-sod  Mixture,  and 
Henderson's  Tough-turf  Mixture  were  all  similar  in  appearance  to  Hen- 
derson lawn-grass,  owing  to  the  presence  of  pereimial  rye-grass, 
which,  being  a  strong  grower,  makes  a  quick  showing. 

Creeping  Bent, — A  fine,  short  grass  with  good  color,  which  started 
well  and  gave  promise  of  a  good  turf  the  following  spring. 

Canada  Blue-grass, — A  very  fine,  short  grass  which  makes  the  lawn 
look  bare  at  the  beginning,  but  which  produced  a  nice,  «ven  blue  lawn 
early  in  spring. 

A  Market-Garden  Rotation 

This  experiment,  as  explained  in  the  annual  report  for  1905,  is 
designed  to  compare  stable  manure  with  chemicals  in  the  growing 
of  market-garden  crops,  a  cover-crop  being  introduced  wherever 
possible  in  the  plat  upon  which  chemicals  are  used. 

The  experiment  was  begun  in  1904,  the  crop  that  year  being  com 
followed  by  beans  on  part  of  each  plat  and  beans  followed  by  corn  on 
the  remainder. 

Crimson  clover  was  sown  in  the  plat  receiving  chemicals,  August 
19,  1904.  A  fair  amount  of  this  lived  through  the  winter  and  was 
allowed  to  grow  until  the  land  was  plowed,  which  was  done  June  7, 
1905. 
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The  stable-manure  plat  received  one  cord  of  stable  manure  and  the 
other  plat  200  pounds  of  chemicals  as  in  the  previous  year,  this  being 
at  the  rate  of  ten  cords  of  manure  and  one  ton  of  chemicals  per  acre. 
.In  the  previous  year  the  nitrate  of  soda  was  applied  at  intervals  but 
for  the  tomato  crop  it  was  thought  best  to  apply  the  whole  amount 
with  the  other  fertilizer,  which  would  be  the  common  custom  in  com- 
mercial tomato  growing. 

Dwarf  Stone  tomatoes  were  planted  upon  both  plats  June  9,  1905. 
The  plants  upon  the  plat  receiving  fertilizer  made  a  better  start  and 
maintained  their  superiority  throughout  the  season.  The  yields 
harvested  from  the  two  plats  were  as  follows : 

.  Plat  fertiHsed  with  Plat  fertilisMl  with 

Dftte.  stable-manure.  ohemioalB. 

Aug.  29 5  Ibfl.  4  ozs.  9  lbs.    2  om. 

"    31 4    "  3    "  7  "     10    " 

Sept    1 11    "  1    "     10    " 

"      6 20  "  2    "                       29  "      8    " 

"      8 20  "  36  "     13    " 

"      9 58  "  65  " 

"13 29  "  65  "      4  OZ8, 

"    16 32  "  10  ozs.                    65  "      2    " 

"    19 62  "  62  " 

"    21 116  "  8  ozs.                  159  "      8  ozs. 

"    23 179  "  313  " 

"    26 133  "  161  " 

"28 53  "  115  " 

"    30 50  "  62  "     12  ozs. 

Oct.   6 68  "  58  " 

"     7 130  "  108  " 

"    11 35  "  28  " 

Marketable  tomatoes 996  lbs.    6  ozs.  1,347  lbs.     5  ozs. 

On  the  date  of  the  last  picking,  October  11,  all  tomatoes  were  re- 
nioved  from  both  plats  and  weighed.  In  addition  to  those  which 
were  ripe  and  are  included  in  the  above  list,  the  following  were  ob- 
tained: 
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From  stable-    From  chem- 
manura  plat.        ical  plat 

Green  tomatoes 439  lbs.         242  lbs. 

Rotten  tomatoes 255  *'  171  " 

It  will  be  seen  from  the  above  figures  that  the  plat  receiving  chemi- 
cals produced  350  pounds,  15  ounces,  more  marketable  tomatoes  thaij 
the  one  receiving  stable  manure,  an  increase  of  thirty-five  per  cent. 
There  were  197  pounds  more  green  tomatoes  when  the  plats  w^re 
cleaned  up,  October  11,  on  the  one  which  had  received  stable  manure 
than  on  the  one  which  had  received  chemicals.  There  were  also 
eighty-four  pounds  more  of  rotten  tomatoes  upon  the  former  plat. 
While  the  difference  in  total  yields,  including  marketable,  green,  and 
rotten  tomatoes,  is  not  great,  being  only  69  pounds  and  7  ounces 
greater  from  chemicals  than  from  manure,  the  difference  in  the 
quantity  of  marketable  tomatoes  is  decided. 

Reference  to  the  weights  harvested  at  different  dates  will  show 
that  a  larger  proportion  of  ripe  fruit  was  obtained  early  in  the  season 
from  the  use  of  chemicals  than  from  the  use  of  stable  manure.  A 
comparison  of  the  first  five  pickings  shows  that  during  this  early 
fruiting  period  67J  per  cent,  more  fruit  was  obtained  from  the  plat 
treated  with  chemicals  than  from  the  other.  These  results  are  in 
harmony  with  generally  accepted  views  concerning  the  influence  of 
nitrate  of  soda  in  hastening  the  maturity  of  tomatoes. 

Rye  (one  peck)  was  sown  and  raked  in  among  the  tomatoes  on  the 
plat  treated  with  chemicals,  on  August  2,  1905,  the  other  plat  being 
raked  over  at  the  same  time  and  in  the  same  manner.  This  rye  was 
allowed  to  grow  uutil  the  plat  was  plowed  the  following  spring,  at 
which  time  it  had  produced  a  good  growth,  furnishing  a  considerable 
amount  of  vegetable  matter  to  turn  under. 

A  Raspberry  Score-Card. 

The  necessity  of  making  practical  notes  upon  raspberry  seedlings 
produced  from  crossing  different  varieties  has  led  to  the  adoption 
of  a  score-card  somewhat  similar  to  the  one  used  for  strawberries, 
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which  was  shown  in  the  annual  report  for  1905.  This  score-card 
for  raspberries  has  not  been  used  long  enough  to  prove  its  merits. 
Further  use  may  suggest  some  modifications,  but  at  present  it  appears 
to  be  fairly  well  adapted  to  the  purpose  and  is  shown  here  for  the 
possible  aid  of  any  who  may  have  similar  work  to  do. 


RASPBERRY. 

Variety. . . 

SCALE-POINTS  10-Pertect. 

Plant. 

Vigor 

Fruit. 

Disease  Resistance 

Productiveness 

Size 

Appearance 

Quality 

Firmness 

desObiption. 

Cohesion 

-• 

Plant. 

Habit 

Propagation 
Fruit. 

Form 

Color 

Flavor 

Drupelets 

Season 

General  Notes 

Date 

■• 

Observer 

Sterilized  Soil. 

The  work  with  sterilized  soil  was  continued  in  1905.*  The  dif- 
ferent methods  of  treatment  under  test,  as  in  1904,  were  as  follows: 

1,  Unsterilized;  2,  Sterilized  and  handled  while  hot;  3,  Sterilized 
and  handled  cold;  4,  Sterilized  and  sprinkled  lightly  with  rich,  un- 
sterilized soil  to  introduce  soil  organisms;  5  Sterilized  and  treated 
with  nitrate  of  soda  at  intervals. 

*  See  annual  report  for  1905,  page  204. 
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Galvanized  iron  pots  not  being  available  in  1904,  large  flower-pots 
were  used  for  the  experiment.  These  were  objectionable  from  the 
fact  that  in  summer  weather  in  the  open  air  they  permit  the  soil 
to  dry  out  very  rapidly.  The  soil  used  was  taken  from  the  north 
garden,  and  was  in  only  a  fair  state  of  fertility.  This  was  sterilized 
May  18,  1905,  and  the  pots  filled  according  to  the  plan  outlined,  four 
pots  being  used  for  each  part  of  the  experimelit,  two  being  planted 
with  French  Breakfast  radish  and  two  with  Hanson  lettuce.  The 
garden  soil  used  to  sprinkle  upon  the  four  pots  treated  in  this  way  was 
also  taken  from  the  north  garden.  May  31. 

As  the  work  progressed  it  was  noticed  that  the  unsterilized  soil 
appeared  to  dry  out  sooner  than  the  others.  Some  weeds  appeared 
in  this  pot,  as  would  be  expected.  Pots  containing  sterilized  soil 
which  was  handled  while  hot  appeared  to  retain  moisture  better  than 
any  of  the  others.  None  of  the  lettuce  thrived  welL  Nearly  all  the 
radishes  in  one  pot  of  unsterilized  soil  were  eaten  off  by  some  small 
insect,  and  more  seed  was  planted  June  6.  Pot  No.  2  of  the  unsteril- 
ized soil  seemed  to  be  in  advance  of  any  of  the  others  with  Nos.  1  and 
2  of  sterilized  soil  handled  hot  occupying  second  place.  On  June  12 
the  radishes  were  thinned  to  nine  in  each  pot. 

The  following  observations  as  to  maturity  were  made  June  17. 
Pot  No.  2  of  unsterilized  soil  had  six  radishes  mature,  2  half  mature, 
and  one  small.  In  sterilized  soil  sprinkled  with  garden  soil  none  were 
yet  half  mature.  In  sterilized  soil  which  had  been  handled  cold  four 
radishes  were  half  mature,  the  remainder  being  small.  In  the  steril- 
ized soil  handled  hot  five  were  mature,  five  two-thirds  mature,  the 
remainder  half  mature.  In  sterilized  soil  fertilized  with  nitrate  of 
soda  two  were  half  mature,  the  remainder  small. 

The  radishes  were  harvested  June  27,  and  the  following  weights 
were  obtained: 

Total  yield.        Wt.  of  leaves.  Wt.  of  roots. 

Unsterilized 141 . 6  grams.*    46 .2  grains.     95. 4  grains. 

Sterilized,  handled  hot 272.3      "         92.6      "         179.7 

*Oiily  two  plants  were  obtained  from  pot  No,  1.  the  second  planting  also  haying  failed. 
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Total  yield.  Wt.  of  leaves.  Wt.  of  roots. 

Sterilized,  handled  cold 193.25  grams.  68.4  grams.  124.85 grams. 

Sterilized,  sprinkled  with  garden  8oil.219. 15      "  77.4      "  141.75      " 

Sterilized,  with  nitrate  of  soda  added.212. 2        "  73.7      "  138.5        " 

Radishes  obtained  from  the  sterilized  soil  handled  hot  were  not 
only  larger,  as  the  weights  show,  but  were  also  brighter  in  appearance, 
making  a  better-looking  crop.  Those  from  the  unsterilized  soil  were 
next  in  appearance,  but  not  as  smooth  and  bright  as  from  the  steril- 
ized. Those  from  the  pots  sprinkled  with  garden  soil,  which  are  next 
in  order  as  to  weight,  were  bright,  smooth,  and  symmetrical,  being 
better  in  form  than  those  from  the  unsterilized  soil.  Those  from  the 
sterilized  soil  with  nitrate  of  soda  added  were  also  bright,  smooth,  and 
s>Tnmetrical,  and  very  uniform  in  size  and  shape.  Those  from  the 
sterilized  soil  handled  cold  were  more  uneven  and  were  not  equal  in 
appearance  to  any  of  the  others. 

The  lettuce  in  all  pots  made  a  very  poor  growth,  probably  due  to 
the  pots  drying  out  in  the  hot  weather.  That  grown  in  the  unsteril- 
ized soil  was  somewhat  better  than  in  the  others.  All  lettuce  was 
pulled  and  the  pots  planted  with  rutabaga  turnips  August  31. 
Worms  ate  the  leaves  of  these  badly,  but  all  were  eaten  in  about  the 
same  proportion.  They  were  pulled  and  weighed  late  in  the  fall  with 
the  following  results : 

No.  Total  weight.  Wt.  of  root. 

Unsterilized 11  .21  lbs.  .08  lbs. 

Sterilized,  handled  hot 10  .29    "  .14    " 

Sterilized,  handled  cold 10  .24    "  .  14    " 

Sterilized,  sprinkled  with  garden  soil 10  .  18    "  .09    " 

Sterilized,  with  nitrate  of  soda  added 10  .24    "  .11    " 

Marguerite  carnations  were  planted  July  6  in  the  pots  from  which 
radishes  had  been  harvested.  The  pots  containing  unsterilized  soil 
still  appeared  to  be  drier  than  the  others,  and  those  containing  steril- 
ized soil  handled  hot  still  appeared  to  hold  moisture  better  than  the 
others.  The  number  of  carnations  picked  from  the  different  lots  was 
as  follows : 

5 
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Unsterilized  soil 

Sterilized,  handled  hot 

Sterilized,  handled  cold 

Sterilized,  sprinkled  with  garden  soil.. 
Sterilized,  with  nitrate  of  soda  added. 


September 

1.    18.    21.     26.  Totol. 

1      1 

1  1 

..      ..        1      ..  1 


Unsterilized  soil 

Sterilized,  handled  hot 

Sterilized,  handled  cold 

Sterilized,  sprinkled  with  garden 

soil 

Sterilized,  with  nitrate  of  soda 

added 


0. 
2 
1 


12. 

1 
1 


Oetober 
13,     10. 

..        1 


18. 

1 


21.     26.     31. 


Total 
5 


6. 


Unsterilized  soil 

Sterilized,  handled  hot 

Sterilized,  handled  oold 

Sterilized,  sprinkled  with  garden  soil 

Sterilized,  with  nitrate  of  soda  added 1      1       1 


Totd 
November  Eotire 

0.      10.     14.  Total  period. 

6 

5 

3     ..        1       4  5 

2 

3  10 


The  thermometer  dropped  to  12®  above  zero  and  earth  froze  in 
some  of  the  pots  on  the  night  of  Nov.  13,  and  records  were  not  con- 
tinued longer. 

So  far  as  these  tests  go,  any  gain  which  might  be  expected  to  re- 
sult from  the  re-introduction  of  soil  organisms  into  a  sterilized  soil  by 
sprinkling  it  with  unsterilized  soil  has  not  appeared.  Handling  the 
sterilized  soil  while  still  hot,  instead  of  proving  injurious,  as  has  been 
Suggested,  appeared  to  act  beneficially. 

Tent  Covering  for  Vegetables. 

This  experiment  was  continued  in  1905  with  cauliflower  alone,  that 
being  the  vegetable  which  in  previous  experiments  had  shown  the 
greatest  gain  from  the  covering.    The  land  inside  the  tent,  which 
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was  12  X  48  ft.  in  size,  together  with  the  same  area  outside,  wtte .spaded 
May  27  and  cauliflower  plants  set  May  29.  The  ground  outside  the 
tent  was  very  dry,  so  that  the  soil  was  tramped  around  each  plant 
after  it  had  been  set.  The  plants  inside  made  a  much  better  start 
and  continued  to  make  a  better  leaf-growth  throughout  the  summer. 
The  groimd  inside  the  tent  remained  moist  much  longer  after  rain 
than  that  outside. 
The  following  yields  were  obtained  inside  the  tent: 

Date.  Untiimmed.  Trimmed. 

July  19. 2  Ibe.  6  oze.  1  lb.  8  om. 

"26 6  "  6  "  3    "  12  " 

"27 17  "  4  "  11    "  4  " 

"20 14  "  7    "  2  " 

Aug.    2 12  "  10  "  7    "  4  " 

"       4 39  "  10  "  24    "  8  " 

"     11 89  "  8  "  76    " 

"     17 238  "  9  "  166    "  7  " 

"23 48  "  9  "  21    "  3  " 

"     26 57  "  9  "  26    " 

Sept.    5 29  "  3  "  17    "  7  " 

"     13 60  "  33    " 

"     15 49  "  3  "  21    " 

Total 664  lbs.  13  OZ8.  416  lbs.    7  ozs. 

YIKLDB  OTTTSIDID  THB  TENT. 

Date.  Untrimmed.  Trimmed. 

July  19 1  lb.    10  ozs.  12  ozs. 

"    27 15  lbs.  10    "  9  lbs.  10    " 

Aug.  4 2    "  1  "      4    " 

"     11 43    "  30  "     12    " 

"     17 194    "     14    "  107  "     13    "* 

"     23 42    "       9    "  24  "     11    " 

"    26 73    "     14    "  36  "     12    " 

Sept.    5 34    "      5    "  20  "     10    " 

"     13 45    "  19  " 

"     15 16    "     12    "  10  "       3    " 

Total 469  lbs.  10  ozs.  261  lbs.     7  ozs. 
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The  above  figures  show  the  total  weight  of  trunmed  cauliflower  to 
have  been  sixty  per  cent  greater  under  the  tent  than  outside.  The 
proportionate  net  weight  of  trimmed  to  untrimmed  cauliflower  was 
fifty-six  per  cent,  in  that  grown  outside  and  sixty-four  per  cent,  in  that 
grown  inside,  which  indicates  a  relatively  better  development  of 
heads.  Whether  this  increase  in  yield  would  be  sufficient  to  warrant 
the  expense  of  providing  shade,  each  grower  would  need  to  determine 
for  himself. 

Our  experience  indicates  that  it  is  possible  to  grow  cauliflower 
under  the  tent  in  weather  when  it  is  almost  impossible  to  secure  it 
outside. 

Young  cauliflower  plants  were  set  August  7  in  the  places  where 
mature  heads  had  been  harvested,  but  nearly  all  of  these  plants  rotted 
off  close  to  the  ground,  both  under  the  tent  and  outside.  Waste 
leaves  from  the  previous  crop  had  been  allowed  to  lie  on  the  ground, 
which  doubtless  contributed  to  this  trouble. 

The  following  readings,  taken  at  various  times  throughout  the  sea- 
son, show  the  comparative  air  temperatures  under  the  tent  and  out- 
side, the  thermometers  being  hung  about  four  feet  from  the  ground 
in  each  case: 


Date.  Time. 

June  16 8:45 

"     17 10:30 

"     24 11:30 

"     24 2:15 

"      26 11:30 

"     27 10:15 

"     27 11:30 

July     1 11:00 

"      3 9:30 

"       5 10:30 

"      6 1:30 

"       6 5:00 

"      8 9:45 

"     10 8:45 


Tempera- 
ture 
inaide. 

Tempera- 
ture 
outaide. 

90** 

82« 

84<> 

78** 

78** 

76*» 

85*» 

84'* 

90^ 

84'* 

68<» 

65*» 

82^ 

73** 

88** 

78« 

740 

72^ 

770 

740 

870 

83** 

750 

72^ 

85** 

82** 

95*> 

94* 
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Date.  Time. 

"     10 11:00 

"     10 3:15 

"     11 10:00 

"    12 8:30 

"    14 10:00 

"    17 9:30 

"    18 11:15 

"    19 1:30 

"    20 10:00 

"    21 8:30 

"    24 11:15 

"    25 10:30 

"    25 2:30 

"    26 8:45 

"    27 9:15 

"    28 2:15 

"    29 9:30 

"    30 8:30 

"    31 1:45 

Aug.  2 10:30 

"      2 4:30 

"     3 2:15 

"     4 10:00 

"     7 3:00 

"     8 4:30 

"1    1 : 1:00 


Tempera- 
ture 
inside. 

Tempera- 
ture 
outside. 

98^ 

91'* 

92*' 

89*» 

95'* 

90'» 

8S^ 

sr 

88*» 

82^ 

76*» 

♦770 

lOl^ 

95'* 

96^ 

92*» 

93** 

sr 

82<» 

74«» 

740 

73* 

90*» 

84*» 

87** 

820 

83** 

78'* 

88*» 

83* 

90^ 

87* 

730 

♦74* 

86*» 

88* 

78^^ 

76* 

85^ 

80* 

78'* 

78* 

88'* 

84* 

9(y* 

83* 

93** 

91* 

81** 

79* 

9^ 

86* 

Average 85.55*        81.675* 

These  figures  show  the  average  temperature  during  the  day  to  have 
been  nearly  4*^  warmer  inside  the  tent  than  outside.  The  greatest 
difference  observed  at  any  one  reading  was  that  taken  at  11 :00  A.  M. 
July  1,  when  the  inside  temperature  was  10®  higher  than  that  outside. 

•Cloudy. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


DIVISION  OF  ANIMAL  HUSBANDRY. 


The  work  of  this  Division  will  be  prepared  for  publica- 
tion and  issued  in  bulletins  and  the  Report  of  the  coming 
year. 
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REPORT  OF  THE  DIVISION  OF  CHEMISTRY. 


B.    L.    HARTWELL,   ASSOCIATE   CHEMIST. 


The  principal  analytical  work,  aside  from  the  regular  inspections 
of  fertilizers  and  feeding-stuffs,  has  been  in  connection  with  the 
determination  of  the  ash  constituents  of  plants  grown  in  soil  to  which 
different  relative  amounts  of  soda  and  potash  had  been  applied. 
This  work  has  progressed  from  time  to  time  during  a  niunber  of  years 
as  successive  crops  have  been  obtained,  but  it  was  only  through  the 
financial  assistance  of  the  Bureau  of  Soils  of  the  U.  S.  Department 
of  Agriculture  that  the  ash  analyses  which  it  seemed  desirable  to 
make  at  the  present  time  were  completed.  All  of  the  analytical  work 
thus  far  done  in  connection  with  this  problem  during  a  number  of 
years  has  been  embodied  in  an  article  which  follows. 

Considerable  analytical  work  has  been  done  for  the  other  divisions 
of  the  Station,  which  will  be  published  by  the  divisions  whenever  the 
time  is  opportune. 

A  large  number  of  nitrogen  and  moisture  determinations  have  been 
made  during  the  past  year  on  crops  which  have  accumulated  from  a 
pot  experiment  which  has  been  continued  for  a  number  of  years  to 
ascertain  the  relative  availability  of  nitrogen  in  different  nitrogenous 
manures. 

Pot  and  Water-Culture  Experiments. 

The  Bureau  of  Soils  has  continued  at  this  Station  the  trial  of  its 
method  of  ascertaining  soil  deficiencies  by  the  growth  of  wheat  in 
small,  paraffined  wire  pots.  In  order  to  compare  the  results  obtained 
by  this  method  with  those  secured  in  actual  field  practice,  fifteen 
soil  tests  have  been  begun  in  different  parts  of  the  State  upon  soils 
representing  a  number  of  different  types.  Bags  of  these  soils  were 
sent  to  the  Station  for  pot-cultures,  using  the  same  kinds  and  appli- 
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cations  of  manurial  substances  as  in  the  field.  In  addition  to  the 
cultures  in  the  small,  paraffined  baskets,  a  number  of  the  soils  are 
also  being  tested  under  similar  conditions  at  the  glasshouse  in  eight- 
inch  Wagner  pots.  The  endeavor  will  be  made  to  grow  crops  to 
maturity  in  these  latter  pots,  as  in  the  field,  whereas  in  the  small 
pots  no  attempt  is  made  to  grow  the  wheat  more  than  for  about  three 


Pot  experiments  are  also  in  progress  to  ascertain  the  amount  of 
nitrogen  which  can  be  gathered  from  the  air  during  the  growth  of 
certain  legumes  in  a  light  soil.  Other  minor  pot  experiments  are  also 
in  progress. 

Experiments  upon  the  growth  of  plants  by  means  of  water-culture 
were  continued  with  the  opening  of  the  spring  season,  an  expert 
having  been  detailed  from  the  Bureau  of  Soils  to  aid  in  this  work. 
The  principal  work  has  been  in  connection  with  the  question  whether 
or  not  sodium  salts  cause  an  increased  growth  when  there  is  a  limited 
supply  of  potash.  It  has  been  shown  repeatedly  in  the  field  that  there 
is  an  increased  growth  when  sodium  salts  are  added  to  a  limited 
supply  of  potash,  and  the  analytical  data  furnish  much  circumstantial 
evidence  that  the  sodium  acted  physiologically.  In  order  to  ascertain 
by  other  and  more  positive  means  if  this  increase  is  due  to  a  direct 
or  an  indirect  action  of  the  sodium  salts,  similar  experiments  by  way 
of  sand  and  water-culture  seemed  necessary. 

In  addition  to  the  research  work  mentioned  above,  the  chemical 
division  has  collected  and  analyzed  a  large  number  of  samples  of 
commercial  fertilizers  and  feeding-stuffs,  the  results  of  which  appear 
in  the  Station  Bulletins. 
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MISCELLANEOUS  ANALYSES* 

(Other  than  those  which  will  be  published  in  connection  with  special  articles). 


B.  L.  HARTWELL,  V.  STEEL,  AND  J.  P.  GRAY. 


Ground  Limestone  (Carbonate  of  Lime). 

From  the  Mitchell  Lime  Co.,  Mitchell,  Indiana. 

Per  cwt. 

Calcium  oxid 49.26 

Magnesium  oxid 2.04 

This  finely  ground,  unbumed  limestone  is  especially  adapted  to  use  on  sandy 
soils  where  the  more  caustic,  slaked,  and  hydrated  lime  might  exert  a  temporary 
injurious  action  if  used  in  large  quantities.  If  the  price  is  high  and  the  distance 
of  transportation  is  great  it  may  however  be  advisable  to  use  the  slaked  lime 
in  small  amounts  instead  of  the  carbonate  of  lime,  even  on  sandy  soils. 

Hydrated  Lime. 

From  the  Rockland-Rockport  Lime  Co.,  Rockland,  Maine. 

Per  cent. 

Calcium  oxid 61 .  37 

Magnesium  oxid 2. 17 

This  lime  is  slaked  by  means  of  steam  and  is  then  bolted,  hence  it  is  in  an  ex- 
fremely  fine  condition.  When  first  prepared  it  is  chemically  the  same  as  water- 
daked  lime  and  both  are  very  efficient  on  heavy  clay  and  acid  muck  soils.  Air- 
slaked  lime  contains  a  mixture  of  water-slaked  lime  and  carbonate  of  lime. 
Hydrated  and  wateivslaked  lime  change  to  carboAate  of  lime  after  long  exposures 
to  the  air. 

Slaked  Lime. 

Per  cent. 
Calcium  oxid 68. 14 
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Lime-kiln  Ashes. 

From  Harris  Lime-kilns,  Lime  Rock,  R.  I. 

Pmrcent. 

Potassium  oxid 1 .81 

Calcium  oxid 45.50 

The  composition  of  lime-kiln  ashes  is  likely  to  vary  considerably,  according  to 
how  much  the  ashes  have  been  exposed  to  the  weather  and  the  consequent 
amount  of  water  and  carbon  dioxid  contained  in  them. 

Muriate  op  Potash. 

Percent, 

I.         II.         III. 

Potassium  oxid * 60.08        48.67         49.69 

No.  I.  is  a  high-grade  muriate  of  potash  bought  for  special  experimental  work. 

I.    "High  Grade"  Sulfate  op  Potash. 
II.    Potassium  Carbonate. 

P«r  cenL 

I.  n. 

Potassium  oxid 51 . 56         67.65 

I.  Nitrate  op  Soda. 

II.    Sulfate  of  Ammonia. 
III.     Dried  Blood. 

Per  cenL 

I.  II.         in. 

Nitrogen 16. 10        20.96         12.11 

I.    Ground  "Acid  Fish." 
II.    Tankage. 

PmreenL 
I.  IL 

Nitrogen 9.42        6.81 

The  ground  "Acid  Fish"  is  the  waste  menhaden  fish  from  the  oil  factories  which 
has  had  a  small  amount  of  oil  of  vitriol  (sulfuric  acid)  sprinkled  over  it  to  prevent 
its  decomposition. 

I.     Finely  Ground  Bone. 

II.  Dissolved  Bone. 

Perema. 
I.  II. 

Nitrogen 2.54  1.74 

Phosphoric  acid 20.47         14.77 
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The  dissolved  bone  is  finely  ground  bone  which  has  been  treated  with  con- 
siderable oil  of  vitriol  (sulfuric  acid)  in  order  to  render  most  of  the  phosphoric 
acid  soluble  in  water. 

Guano. 

From  Coe-Mortimer  Co.,  New  York. 

I.    LoBOS  Grade. 

II.    Chincha  Grade. 

I.  II. 

Nitrogen 3.02  7.76 

Phosphoric  acid 19.71  9.56 

Potassium  oxid  (acid  soluble) 4.08  2.21 

Guano,  which  disappeared  from  the  market  for  several  years,  is  now  to  be  had 
again.  It  is  an  efficient  manure,  but  as  good  results  can  probably  be  secured  with 
mixtures  of  acid  phosphate,  bone  meal,  the  German  potash  salts,  and  nitrate  of 
soda;  hence,  which  should  be  used  depends  solely  upon  the  relative  prices  of  the 
guano  and  a  mixture  having  the  same  composition. 

I.    Acid  Phosphate. 
II.    Basic  Slag  Meal. 

I.  II. 

Phosphoric  add 14.01         17.29 

The  phosphoric  acid  of  the  basic  slag  meal  is  not  soluble  in  water,  but  yet  it  is 
highly  efficient  in  plant  production,  the  slag  meal  being  nearly  as  good  as  acid 
phosphate.  On  very  acid  soils  and  with  plants  injured  by  acidity  it  may  act  even 
better  than  acid  phosphate.  It,  like  acid  phosphate,  contains  neither  nitrogen 
nor  potash. 

I.    Corn  Meal. 
II.    Mixed  Feed. 

Per  cent. 
I.  II. 

Water 13.82         

Ph)tein 8.50        16.31 
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CONCERNING  THE  FUNCTIONS  OF  SODIUM  SALTS^ 

H.  J.   WHEELER  AND  B.  L.  HARTWELL, 

WITH  TB£  AflSUTANCC  OF 

J.    W.    KELLOGG   AND    MATTHEW   STEEL.* 


The  field  experiments  which  have  served  as  a  basis  for  the  study 
of  the  functions  of  the  sodium  salts  were  begun  in  the  year  1894  and 
have  been  continued  to  date.  The  original  plan  was  to  see  at  the 
outset  if  practical  advantage  would  accrue  from  the  use  of  sodium 
salts  as  manures  in  the  presence  of  both  limited  and  large  supplies  of 
potassium.  Having  observed  in  the  field  great  advantage  with 
certain  varieties  of  plants  from  the  use  of  sodium  salts  in  the  presence 
of  small  quantities  of  potassium  salts,  and  even  in  some  cases  when 
large  amounts  of  the  latter  were  employed,  it  seemed  necessary  to 
conduct  both  pot  and  water-culture  experiments  in  order  to  eliminate 
certain  factors  which  existed  in  the  field  work.  Special  reference 
is  made  to  the  indirect  manurial  action  of  sodium  salts  by  virtue  of 
the  liberation  of  essential  food  elements  from  the  soil  itself.  The 
influence  of  osmotic  pressure,  the  chemical  reaction  of  the  medium 
in  which  the  plants  are  grown,  and  other  complex  features  only  ad- 
mit of  satisfactory  study  by  the  method  of  water  culture.  In  ad- 
dition, it  appeared  desirable  to  resort  to  plant  analysis  in  order  to 
determine  if  more  sodium  had  actually  entered  the  plant,  or  simply 
more  potassium  in  consequence  of  applying  sodium  salts  and  also, 
whether  evidence  would  be  afforded  that  the  sodium  had  been  of 


*Me80r8.  Kellogg  and  Steel,  of  the  Bureau  of  Soils.  U.  S.  Dept.  Agriculture,  completed  the 
analytical  work,  though  a  part  of  it  had  already  been  done  by  Mr.  Kellogg  while  stall  in  the  em- 
ploy of  the  Experiment  Station.  A  large  number  of  analyses  had  been  made  previously  by 
Doctor  Hartwell. 
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benefit  by  increasing  the  amount  of  calcium,  magnesium,  or  phos- 
phoric acid  at  the  disposal  of  the  plants. 

In  preparation  for  this  latter  work  some  plants  were  saved  for 
analysis  in  the  year  1898,  and  still  more  in  the  year  which  followed. 
Likewise  in  the  years  1901  and  1905  samples  of  a  number  of  varieties 
of  plants  were  saved  from  the  crops  grown  in  the  field  experiments. 
From  time  to  time,  as  opportunity  afforded  itself,  the  analysis  of  the 
samples  was  taken  up,  but  the  means  at  disposal  often  necessitated 
the  relinquishment  of  the  work  for  long  periods  of  time.  While 
these  conditions  still  prevailed,  application  was  made  to  the  U.  S. 
Department  of  Agriculture  for  aid  in  carrying  forward  the  work. 
As  a  result,  the  Bureau  of  Soils  arranged  for  temporary  assistance 
in  obtaining  analytical  data,  and  it  is  on  account  of  this  assistance 
that  it  is  possible  to  present  to  the  public  at  this  time  the  large 
volume  of  results  which  follow. 

It  had  been  shown  in  earlier  times,  and  had  been  recently  demon- 
strated by  Smets  and  Schreiber*  in  Belgium,  as  w^ell  as  by  others  else- 
where, that  sodium  salts  were  highly  beneficial  to  certain  plants  under 
given  conditions  of  field  culture.  Nevertheless,  it  appeared  highly 
desirable  to  see  if  there  would  seem  to  be  reason  for  assuming,  from 
our  own  results,  whether  sodium  had  acted  directly  or  indirectly, 
and  if  probable  physiological  functions  were  to  be  ascribed  to  it 
when  but  small  or  insufficient  amounts  of  potassium  were  present. 

With  the  hope  of  making  a  clearer  presentation  of  the  subject, 
the  analytical  data  will  be  presented  under  three  distinct  headings. 
In  order,  however,  that  the  analyses  may  be  studied  in  their  entirety, 
if  desired,  they  have  all  been  grouped  in  an  appendix  to  this  article. 

Owing  to  the  large  amount  of  work  and  the  expense  involved,  it 
was  found  necessary  in  many  cases  to  abbreviate  the  chemical  work 
more  than  might  be  deemed  advisable.  It  is  believed,  however, 
that  valuable  and  conclusive  light  is  thrown  by  the  results  upon  a 
number  of  points  of  both  scientific  and  practical  value. 

*Recberche9  sur  lea  Engrais  Potaasiqiies  et  Sodiques,  Maaseyck,  1896. 
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The  Influence  of  Sodium  Salts  Upon  the  Removal  from 
THE  Soil  of  Nitrogen  and  Phosphoric  Acid. 

In  order  to  make  the  discussion  of  this  question  better  understood, 
it  seems  desirable  to  refer  briefly  to  some  of  the  observations  on 
record  which  bear  upon  this  question. 

Birner  and  Lucanus*  assert  that  sodium  sulfate  favors  the  pas- 
sage of  phosphoric  acid  into  the  plant,  but  that  it  lowers  the  per  cent, 
of  calcium  taken  up;  also  that  upon  employing  potassium  chlorid 
the  ash  and  dry  matter  of  the  plants  were  rendered  richer  in  mag- 
nesium and  potassium,  but  poorer  in  calcium,  sulfur,  and  phos- 
phorus. They  further  add  that  sodium  chlorid  causes  calcium,  sul- 
fur, and  phosphorus  to  be  taken  up  even  more  slowly,  yet  at  the  same 
time  the  percentages  of  magnesium  and  potassium  were  increased 
in  both  ash  and  dry  matter. 

Griffithst  says  that  in  calcareous  soils  the  sodium  carbonate  formed 
therein,  in  consequence  of  the  application  of  sodium  chlorid,  acts  as 
a  solvent  of  phosphoric  acid. 

Miintz  and  Girardf  are  of  the  opinion  that  if  sodium  chlorid  exerts 
a  solvent  action  upon  soil  phosphates  and  upon  the  potassium  in 
silicate  combinations,  this  action  must  be  extremely  limited. 

Pagnoul  §  conducted  some  experiments  with  potatoes,  which  were 
followed  the  second  year  by  oats.  He  employed  white  silica  as  a 
medium  in  which  to  grow  his  plants,  and  this,  upon  analysis,  was 
found  to  contain  the  following: 

Per  cent. 

Calcium  carbonate 00495 

Phosphoric  acid 00232 

Potassium  oxid 00658 

Iron  and  aluminum  oxids 1 1000 

In  all  cases  like  amounts  of  nitrogen  and  phosphorus  w^ere  present 

*Landw.  Vera.  Stat.  8(1866),p.    140. 

tA  Treatise  on  Manures,  London  (1889),  p.  255. 

JLea  Engraifl  III  (1891).  p.  162. 

5Ann.  Agron.  20  (1894),  p.  467-479. 
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in  the  manures.  To  one  series  of  pots  calcium  salts  were  added;  to 
another  sodium  salts,  and  to  a  third  potassium  salts.  In  the  first 
series  the  phosphorus  was  supplied  in  solution,  in  superphosphate 
of  lime,  and  in  the  other  two  cases  in  sodium  and  potassium  phos- 
phate, respectively.  The  percentage  of  phosphoric  acid  in  the 
potatoes  was  not  determined.  Below  are  given  the  data  in  relation 
to  the  oats : 

Receiving  potaa-  Receiving  so-  Receiving  cal- 

aium  salts.  dium  salts.  cium  salts. 

Orama.                Oramt.  Oram*. 

Total  weights  of  plants 716.2              508.8  311.7 

Relative  weights 100                    71  43 

Constituents  per  100  parts  of  dry  matter. 

Potassium  oxid 7.001  1.192  0.934 

Sodium  oxid 0.000  4.685  0.920 

Calcium  oxid 0.634  0.682  1.956 

Phosphoric  acid 3.043  1 . 983  1 .300 

Nitrogen 4.320  4.620  4.480 

Pagnoul  points  out  that  the  crop  increased  with  the  increase  in 
total  percentage  of  alkalis,  and  he  further  adds  that  the  increase  in 
the  yield  was  almost  exactly  in  accord  with  the  increase  in  the  per- 
centage of  phosphoric  acid. 

In  this  instance  the  influence  of  the  calcium,  sodium,  and  po- 
tassium was  exerted  upon  the  materials  which  had  been  applied  in 
solution  to  the  nearly  pure  silica,  and  hence  it  does  not  deal  with  the 
effect  of  these  substances  upon  the  natural  phosphatic  constituents 
of  ordinary  soils. 

Deh6rain*  has  called  attention  to  the  fact  that  in  a  certain  section 
of  France  where  no  after-effect  of  an  acid  phosphate  was  noticeable, 
subsequent  liming  apparently  rendered  the  phosphoric  acid  available 
to  plants.  Similarly  at  this  Station  a  soil  greatly  benefited  by  ap- 
plications of  dissolved  bone-black  appeared  not  to  require  it  for 
several  years  subsequent  to  liming.  Other  experiments  at  this 
Station  show  the  most  striking  benefit  from  liming,  in  connection 

*Trait^  de  Chimie  Agiicole,  Paris  (1892).  p.  525. 
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with  applications  of  roajsted  Redondite.*  This  beneficial  effect  is 
believed  to  be  due  to  the  basic  action  of  the  lime  in  the  acid  soil. 
If  such  is  the  true  explanation  it  might  be  expected  that  sodium  car- 
bonate, a  highly  alkaline  compound,  would,  as  has  been  claimed, 
act  similarly  upon  certain  mineral  phosphates,  and  that  it  would  also 
exert  a  solvent  and  decomposing  action  upon  the  humus  compounds 
which  have  a  considerable  phosphorus  content. 

It  is  well  known  that  the  presence  of  sodium  chlorid  in  certain 
solutions  increases  their  solvent  action  upon  various  chemical  com- 
pounds; hence,  it  would  not  be  surprising  if,  as  stated  by  Peligot,t 
it  should  exert  such  an,  action  upon  some  of  the  phosphates.  It  is 
probably,  therefore,  not  necessary  to  its  influence,  as  a  solvent  of 
certain  kinds  of  phosphorus  compounds,  that  it  be  changed  into 
sodium  carbonate  in  the  soil  by  reacting  upon  carbonate  of  lime,  as 
suggested  by  Griffiths.  J 

It  is  often  a  most  difficult  matter  to  decide,  solely  by  the  chemical 
examination  of  a  plant,  whether  deficiencies  or  excesses  of  certain 
ingredients  found  therein  are  really  indicative  of  such  deficiencies 
or  excesses  in  the  soil  in  which  it  was  grown.  This  is  well  illustrated 
by  the  common  experience  in  determining  the  percentage  of  nitrogen 
in  very  small  and  immature  plants,  grown  where  nitrogen  is  deficient, 
since  they  are  almost  invariably  found  to  be  richer  in  nitrogen  than 
larger  plants  which  have  been  supplied  with  an  abundance  of  nitrogen 
in  readily  assimilable  combinations.  It  is  known  equally  well  that 
certain  plants  remove  far  more  potassium  from  the  soil  than  they 
seem  to  need,  a  point  that  has  been  abundantly  established  by  the 
Rothamsted  investigations  and  by  chemists  in  many  other  countries.  § 

In  the  case  of  phosphoric  acid,  particularly  with  the  cereals,  no 
such  excessive  overloading  of  the  plant  seems  to  occur  as  has  been 
observed  in  connection  with  root  crops,  in  their  removal  of  potassium. 

*Biils.  No8. 114  and  1 1 8.  R.  I.  Agr.  Expt.  Station. 
tCompt.  Rend.  Acad.  Sci.  (Paris)  (1871).  p.  1078. 
t Treatise  on  Manures.  (London)  (1899),  p.  256. 

(Jordan  and  Jenter.  Bui.  No.  192,  N.  Y.  Agr.  Exp.  Station  (Geneva).  1900.  p.  349.  show  that 
pea  plants  took  up  in  one  case  ten  times  as  much  potash  as  in  another. 
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Hartwell  and  Kellogg,*  in  the  anal)rsis  of  crops  grown  at  the  Rhode 
Island  Station,  found  that  the  flat  turnip  exhibited  striking  increases 
of  phosphoric  acid  with  the  increased  yields.  In  the  case  of  oats 
and  certain  other  varieties  of  plants  grown  under  the  same  con- 
ditions, the  analytical  data  were  often  conflicting;  or  in  other  words, 
the  analysis  of  these  plants  often  failed  to  indicate  truly  and  surely 
the  apparent  relative  availability  of  the  soil  phosphates.  It  is 
stated  by  A.  D.  Hallf  that  "The  proportion  of  phosphoric  acid  and 
of  potash  in  the  ash  of  any  given  plant  varies  with  the  amount  of 
these  substances  available  in  the  soil,  as  measured  by  the  response 
of  the  crops  to  phosphatic  or  potassic  manures,  respectively. 

"The  extent  of  the  variation  due  to  this  cause  is  limited,  and  is 
often  no  greater  than  the  variations  due  to  season,  or  than  the  other 
variations  induced  by  differences  in  the  supply  of  non-essential  ash 
constituents — soda,  lime,  etc. 

"  The  fluctuations  in  the  composition  of  the  ash  are  reduced  to  a 
minimum  in  the  case  of  organs  of  plants,  which,  like  the  grain  of 
cereals,  or  the  tubers  of  potatoes,  are  manufactured  by  the  plant  from 
material  previously  assimilated. 

"The  composition  of  the  ash  of  the  cereals  is  less  affected  by 
changes  in  the  composition  of  the  soil  than  is  that  of  the  root  crops 
like  swedes  and  mangels. 

"  The  compositipn  of  the  ash  of  mangels  grown  without  manure  on 
a  particular  soil  gives  a  valuable  indication  of  the  requirements  of 
the  soil  for  potash  manuring.  Similarly  the  phosphoric  acid  require- 
ments are  well  indicated  by  the  composition  of  the  ash  of  unmanured 
swedes.'' 

It  appears  from  what  has  been  cited  that,  if  the  other  factors  are 
identical,  certain  of  the  root  crops  may  show  by  the  composition  of 
their  ash,  in -agreement  with  the  yields,  whether  or  not  a  deficiency 
of  phosphoric  acid  exists,  and  also  what  influence  upon  its  availa- 
bility has  been  exerted  by  the  application  of  specific  substances. 

^Eighteenth  Ann.  Rpt..  R.  I.  Agr.  Expt.  Sta.  (1904-05).  p.  253. 
tJour.  of  Agr.  8ci.  1  (1906).  p.  88. 
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The  general  presentation  of  the  foregoing  matter  has,  as  previously 
suggested,  seemed  to  be  a  necessary  prerequisite  to  an  intelligible 
discussion  of  certain  experimental  data  secured  at  this  Station. 
Special  reference  is  made  in  this  connection  to  the  yields  and  to  the 
analysis  of  certain  crops  grown  in  connection  with  various  amounts 
of  sodium  and  potassium  salts. 

The  complete  details  of  the  plan  of  this  experiment  and  of  the  crop 
yields  have  already  been  presented  elsewhere.* 

The  opposite  diagram  shows  the  plan  of  the  field  and  the  general 
scheme  for  the  application  of  the  sodium  and  potassium  salts.  The 
two  series  of  plats  indicated  as  "limed  1902"  received  no  second 
application.  The  other  two  series  as  shown  in  the  diagram  were 
limed  in  1894  when  the  experiment  was  begun,t  and  again  in  1896 
and  1902. 

All  of  the  plats  were  manured  in  an  identical  manner  with  mag- 
nesium sulfate  (Epsom  salts),  and  with  phosphatic  and  nitrogenous 
manures.  Nitrate  of  soda  and  nitrate  of  potash  were  not  em- 
ployed as  sources  of  nitrogen,  owing  to  the  fact  that  they  would  also 
have  supplied  sodium  and  potassium.  In  1905  ammonium  nitrate 
was  employed  for  the  first  time  to  supply  a  part  of  the  nitrogen.  In 
the  earlier  years  the  nitrogen  was  introduced  entirely  in  dried  blood, 
bone,  or  tankage,  or  in  mixtures  of  two  or  more  of  these  substances. 

Until  1905  the  quantities  of  potassium  carbonate  were  made  such, 
each  year,  that  the  "full  ration"  would  neutralize  the  same  amount 
of  acid  as  the  "full  ration"  of  sodium  carbonate.  The  amounts  of 
muriate  of  potash  and  of  sodium  chlorid  (common  salt)  have  been 
so  regulated,  when  applied,  as  to  furnish  the  same  quantities  of 
potassium  and  sodium  as  the  respective  carbonates. 

In  the  years  1902,  1903,  and  1904  the  plats  were  all  devoted  to 
grass,  and  no  applications  were  made  to  any  of  them,,  with  the  ex- 
ception of  tankage,  which  was  applied  to  all  at  a  uniform  rate. 

♦Seventh  Ann.  Rpt.  (1894),  pp.  168-182;  Eighth  Ann.  Rpt.  (1895).  pp.  215-231;  Ninth 
Ann.  Rpt.  (1896).  pp.  221-241;  Tenth  Ann.  Rpt.  (1897).  pp.  226-240;  Eleventh  Ann.  Rpt. 
(1898),  pp.  137-143;  BuL  No.  104,  Feb.,  1905;  and  Bui.  No.  106,  May.  1906. 

tin  Bulletin  No.  104,  p.  49,  mention  of  the  fact  that  pUts  13  to  24  and  37  to  48  \rere  limed 
again  in  1896  was  omitt«d.  Also  in  Bulletin  No.  106  the  plats  said  to  have  been  limed  twice, 
including  and  subsequent  to  the  year  1902,  had  actually  been  limed  three  times. 
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Plan  of  Field.     Experiment  begun  in  1894. 
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Plats  1-24,  chlorids.  and  25-48,  carbonates. 
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In  certain  of  the  years  prior  to  1902,  and  also  in  the  year  1905, 
some  of  the  crops  were  saved  for  analysis  with  the  hope  that  the 
analytical  data  might  throw  some  light  upon  the  probable  action  of 
the  sodium  salts.  It. now  remains  to  consider  these  results  and  to 
discuss  their  probable  significance. 

Results  with  Golden  Millet  in  1898. 

In  1898  each  of  the  forty-eight  plats  received  the  following  appli- 
cations: 

Founds  per  acre. 
1,020  dried  blood. 
600  dissolved  bone-black. 
480  floats. 
420  magnesium  sulfate  (Epsom  salts). 

The  full  rations  of  the  respective  potassium  and  sodium  salts  were 
as  follows : 

Founds  per  acre. 
360.0  potassium  carbonate. 
247.8  sodium  carbonate. 
405.0  muriate  of  potash  (manure  salt). 
278.4  sodium  chlorid  (common  salt,  coarse-fine). 

All  of  the  materials  enumerated  above  were  spread  upon  the  sur- 
face after  plowing,  and  were  then  thoroughly  harrowed  into  the  soil.* 
Below  are  given  the  percentages  of  phosphoric  acid  in  the  golden 
millet  from  plats  Nos.  36  and  27: 

Flat  No.  Yield  of  golden        Fhosphorio  aoid  in 

millet,  green.  dry 'matter. 

Pounds.  Pm-  e^nl. 

36    Carbonates,  unlimed,  i  soda,  i  potash. .       132. 1  .63 

27  "  "  1  soda,  J  potash. .       102. 1  .79 

In  this  instance  the  smaller  weight  of  crop  was  accompanied  by 
the  greater  percentage  of  phosphoric  acid  and  the  greater  application 
of  sodium  carbonate.     The  smaller  yield  where  the  larger  amount 

*For  full  details  of  the  yields  see  Eleventh  Ann.  Rpt..  R.  I.  Agr.  Expt.  Sta.  (1808).  p.  141. 
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of  sodium  carbonate  was  employed  may  have  been  due  to  its  lessen- 
ing the  acidity  of  the  soil  and  thus  producing  an  imf avorable  con- 
dition for  the  growth  of  the  millet.  The  ground  for  this  view  is  the 
fact  that  in  twenty-four  comparisons  upon  limed  and  unlimed  acid 
soil  made  in  the  year  1899  the  yield  of  golden  millet  was  found  in 
every  case  to  have  been  reduced  by  liming.* 

Results  with  Radish,  Flat  Turnip,  Mangel-Wurzd,  Carrot,  and 
Chicory,  in  1899. 

In  1899  all  of  the  forty-eight  plats  were  manured  at  equal  rates 
with  the  following  materials: 

Pounds  per  *ore. 
1,020  dried  blood. 
600  dissolved  bone-black. 
480  floats  (finely  ground  phosphate  rock). 
420  magnesium  sulfate  (Epsom  salts). 

The  full  rations  of  the  potassium  and  sodium  salts  were  as  follows: 

Potmds  per  acre. 
300.0  potassium  carbonate. 
331 .8  muriate  of  potash  (manure  salt). 
202.2  sodium  carbonate. 
231 .6  sodium  chlorid  (common  salt,  coarse-fine). 

The  scheme  of  application  of  the  manures  was  the  same  as  in  1898. 
The  analyses  of  the  crops  show  the  results  with  a  quarter  ration  each 
of  the  potassium  and  sodium  salts,  in  contrast  with  those  secured 
with  a  quarter  ration  of  potassium  salt  supplemented  with  a  full 
ration  of  sodium  salt.  These  comparisons  are  made  in  limed  and 
unlimed  series  with  both  carbonates  and  chlorids;  likewise  the  data 
show  the  results  under  the  same  conditions  with  half  rations  of  each 
salt  used  together,  contrasted  with  a  half  ration  of  potassium  salt 
supplemented  by  a  full  ration  of  sodium  salt. 

Below  are  shown  the  yields  of  certain  varieties  of  plants,  together 

•BaL  104.  R.  I.  Agr.  Expt.  Sta..  Feb..  1905.  p.  87. 
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with  the  percentages  of  phosphoric  acid  and  nitrogen  actually  con- 
tained in  the  dry  matter: 

Radish,  White  Stra^mrg,  RooU,  1899. 


Special  Manuree  Applied. 

Yields  *  green, 
pounds. 

Per  cent,  in  dry 
matter. 

1 

1 

As 

J 

s 

12 

nhloriHs-  iinlimpd !  4-  andA.  4-  Dotash 

547 
709 

432 
685 

547 
722 

432 
540 

797 
834 

662 
766 

776 
817 

621 
662 

1.02 
1.13 

0.89 
0.98 

0.99 
1.13 

0.96 
1.08 

0.98 
1.02 

0.84 
0.90 

1.05 
1.13 

1.05 
1.10 

3  42 

3 

Chlorids.  iinlimed :  1  soda,  i  Dotash 

3.68 

24 

Chlorids,  limed;  i  soda,  \  potash 

3.53 

15 

Chlorids,  limed;  1  soda,  i  potash 

3.54 

36 

r!A.rhnn Ati^ii.  iinlimnd !  4-  floda.  4-  notafih 

3  33 

27 

r!A.rhnnfl.t;Afl.  iinHiTK^d :  1  soda.  4-  Dotash 

3  74 

48 

Carbonates,  limed :  \  soda.  1  Dotash 

3.77 

39 

Carbonates,  limed :  1  soda.  1  Dotash 

3  60 

6 

Chlorids.  Iinlimed :  A  soda.  A  notafih 

3  19 

? 

nhlnridfi.  iinlimf>d !   1  fioda.  Jl  Dotash 

3  31 

18 

Chlorids.  limed :  ^  soda.  \  Dotash 

3.74 

14 

Chlorids,  limed;  1  soda,  \  potash 

3.71 

30 

Carbonates,  unlimed;  \  soda,  \  potash 

3.47 

?6 

Carbonates,  unlimed;  1  soda,  J  potash 

3.80 

4? 

Carbonates,  limed;  \  soda,  J  potash 

3.59 

38 

Carbonates,  limed:  1  soda.  \  Dotash 

3.85 

*Yieldfl  per  one-sixtieth  acre. 

It  will  be  observed,  in  the  case  of  the  radish,  that  in  every  one  of 
the  four  instances  where  comparisons  are  possible  there  was  a  smaller 
percentage  of  phosphoric  acid  in  the  dry  matter  of  the  root  where 
only  a  quarter  ration  of  each  salt  was  used  than  where  the  extra 
three-quarter  ration  of  the  sodium  salt  was  added.  Similarly  in 
every  one  of  the  four  cases  where  a  combination  of  a  half  ration  each 
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of  sodium  and  of  potassium  salt  was  employed  the  percentage  of 
phosphoric  acid  in  the  dry  matter  was  less  than  where  an  extra  half 
ration  of  the  sodium  salt  was  present.  Comparing  the  results  with 
carbonates  and  chlorids,  it  is  seen  that  the  percentages  of  phosphoric 
acid  were  identical  in  one  case,  in  a  second  the  chlorid  gave  a  higher 
percentage,  and  in  the  other  six  instances  the  percentages  were  lower 
in  the  case  of  the  chlorids  than  where  the  carbonates  were  used. 

Liming  lowered  the  percentage  of  phosphoric  acid  in  the  crop  in 
all  but  one  of  the  eight  cases,  and  in  that  instance  the  results  were 
identical.  Notwithstanding  that  liming  seems  to  aid  in  placing  at 
the  disposal  of  plants  the  phosphoric  acid  which  is  present  in  the  soil 
in  certain  combinations  with  iron,  it  is  well  understood  that  the 
presence  of  large  amounts  of  carbonate  of  lime  in  the  soil  tends  to 
bring  about  a  reversion  or  fixation  of  the  phosphoric  acid  applied 
in  superphosphates.  This  latter  effect,  and  the  fact  that  the  slaked 
lime  was  applied  five  and  three  years  before,  in  consequence  of  which 
its  action  upon  the  phosphorus  compounds  of  the  soil  had  practically 
ceased  by  virtue  of  its  changed  chemical  character,  account  readily 
for  the  lesser  percentage  of  phosphoric  acid  in  the  radish  roots  from 
the  limed  plats. 

The  increase  in  the  percentage  of  phosphoric  acid  in  consequence 
of  the  employment  of  the  carbonates,  in  contrast  to  the  result  with 
the  chlorids,  may  have  been  due  to  the  solvent  action  of  the  car- 
bonates either  upon  iron,  and  aluminum  phosphates,  or  upon  the 
phosphorus  of  the  humus  compounds. 

In  view  of  the  fact  that  increases  in  the  amounts  of  sodium  salts 
have  been  shown  by  these  results  to  unquestionably  increase  the 
amount  of  phosphorus  in  the  plants,  the  important  question  arises 
whether  the  extra  phosphorus  was  needed  in  connection  with  the 
physiological  processes  of  the  plant,  or  if  it  was  merely  an  unnecessary 
surplus.  If  the  extra  phosphorus  were  necessary  to  the  physiological 
processes,  it  would  hardly  be  expected  that  equally  large  crops  would 
be  produced  with  smaller  percentages.  Viewed  in  this  light,  the 
results  furnish  further  interesting  evidence.     For  example,  in  three 
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instances  the  percentages  of  phosphoric  acid  in  the  dry  matter  were 
1.13,  the  maximum  amount,  and  the  corresponding  yields  of  radishes 
were  709,  722,  and  817  pounds;  again,  there  was  a  yield  of  797  pounds 
with  a  phosphoric  acid  percentage  of  .98.  one  of  834  pounds  with 
but  1.02  per  cent,  of  phosphoric  acid,  one  of  766  pounds  with  a 
phosphoric  acid  content  of  but  .  90  per  cent,  and  one  of  776  pounds 
with  a  percentage  of  1.05  of  phosphoric  acid.  In  so  far,  therefore, 
as  these  results  afford  a  basis  for  conclusions,  there  seems  to  be  con- 
siderable evidence  that  the  extra  phosphoric  acid  which  the  plants 
in  some  cases  appropriated  may  not  have  been  actually  required. 
If  this  is  the  correct  interpretation  to  place  upon  the  evidence,  it 
would  appear  as  if  the  increased  yields  of  radishes  were  very  likely 
due,  not  to  the  phosphoric  acid,  but  to  some  direct  beneficial  influence 
of  the  sodiimi  salt.  A  yield  of  709  pounds  in  this  case  was  equivalent 
to  42,540  pounds  per  acre,  showing  that  the  crops  were  of  a  normal 
size. 

At  this  point  it  will  be  well  to  consider  certain  results  with  the 
English,  or  flat  turnip. 

Turnip,  Flat,  Roots,  1899. 


24 
15 


27 


Special  Manures  Applied. 


Per  cent,  id  dry 
matter. 


Chlorids,  limed;  \  soda,  }  potash 

Chlorids,  limed;  1  soda,  i  potash 

Carbonates,  unlimed;  i  soda,  J  potash 
Carbonates,  unlimed;  1  soda,  }  potash 


214 
293 

149 
212 


0.98 
1.26 

1.00 
0.89 


4.19 
3.92 


*Not  determined. 


In  this  instance  the  data  are  too  few  to  throw  any  light  upon  the 
relative  action  of  the  carbonates  and  chlorids  upon  the  amount  of 
phosphorus  removed  by  the  plants.     The  same  is  also  true  concerning 
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the  action  of  lime.  The  higher  percentage  of  nitrogen  in  this  instance 
coincided  with  the  higher  percentage  of  phosphoric  acid  and  the 
smaller  yield. 

It  is  significant  to  observe  that  in  both  instances  there  were  con- 
siderably greater  yields  where  the  extra  amoimt  of  sodium  salt  was 
added  than  where  only  a  quarter  ration  each  of  sodium  and  potassium 
salts  was  applied.  Nevertheless  in  one  instance  the  percentage  of 
phosphoric  acid  increased  with  the  increase  in  the  crop,  and  in  the 
other  case  the  percentage  was  .11  less  in  the  larger  crop  than  in  the 
smaller.  Such  evidence  as  is  afforded  is  therefore  to  the  effect  that 
the  extra  sodium  salt  was  positively  helpful  in  increasing  the  crops, 
and  there  is  no  positive  evidence  that  this  increase  was  due  to  in- 
direct action  in  liberating  phosphoric  acid. 

Below  are  given  a  few  data  secured  with  the  Norbiton  giant  beet 
(Mangel-wurzel)  in  189ft. 

Beet,  Norbiton  Giant,  Roots,  1899.. 


24 
15 

48 
39 


Speoud  ManuTM  Applied. 


Per  cent,  in  dry 
matter. 


S 
Z 


ChloridB,  limed;  i  soda,  i  potash. . . 
ChloridB,  limed;  1  soda,  i  potash. . . 

Carbonates,  limed;  }  soda,  }  potash 
Carbonates,  limed;  1  soda,  }  potash 


421 
682 

299 
601 


0.24 
0.32 

0.37 
0.39 


1.63 
1.76 


23 
20 


In  both  of  the  foregoing  instances  the  percentages  of  phosphoric 
acid  and  of  nitrogen  in  the  crop  were  greater  where  the  carbonates 
were  employed  than  where  the  chlorids  were  used.  In  respect  to 
the  phosphoric  acid  the  results  are  in  agreement  with  those  obtained 
with  the  radish  in  the  same  year. 

In  the  chlorid  series  the  nitrogen  and  phosphoric  acid  were  both 
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increased  by  the  extra  sodium,  but  in  the  carbonate  series  no  such 
relationship  existed. 

These  results  also  agree  with  those  secured  in  connection  with  the 
radish  in  shoeing  an  increase  in  the  phosphoric  acid  percentage  in 
the  dry  matter  when  the  quarter  ration  each  of  the  two  salts  was 
supplemented  by  a  three-quarter  ration  of  the  respective  sodium 
salt.  At  first  thought  one  might  be  led  to  conclude  that  the  re- 
markable benefit  from  the  sodium  salt  was  attributable  to  its  having 
rendered  more  phosphoric  acid  assimilable,  yet  in  view  of  the  fact 
that  the  crop  of  299  pounds  contained  a  percentage  of  0.37  of  phos- 
phoric acid  and  the  one  of  421  pounds  contained  a  percentage  of  but 
0.24  of  phosphoric  acid,  this  does  not  seem  probable.  Furthermore, 
in  view  of  the  fact  that  the  crop  of  601  pounds  showed  a  percentage 
of  0.39  of  phosphoric  acid  as  compared  with  0.32  in  the  instance  of 
the  crop  of  682  pounds,  it  is  difficult  to  accept  such  an  explanation. 
These  data  indicate,  rather,  that  the  sodium  salt  was  of  some  other 
benefit  to  the  plant. 

So  far  as  concerns  the  nitrogen,  the  percentage  was  greater  in  one 
case  and  smaller  in  the  other,  when  the  larger  crops  were  secured. 

Results  wiih  Carrots  in  1899. 

The  following  data  were  secured  in  connection  with  the  carrot  in 
1899: 

Carrot,  Roots,  1899. 


24 
15 

48 
39 


special  Manures  Applied. 


I 


s 

It 


Per  oent.  in  dry 
matter. 


II 


Chlorids,  limed;  i  soda,  i  potash. 
Chlorids,  limed;  1  soda,  i  potash. 


Carbonates,  limed;  }  soda,  }  potash. 
Carbonates,  limed;  1  soda,  }  potash. 


343 
483 

373 
483 


1.03 
1.20 

1.07 
1.09 


2.58 
2.73 

3.02 
2.93 


/ 
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It  will  be  observed  that  the  use  of  an  extra  amount  of  sodium  salt 
was  accompanied  by  increased  crops  in  both  instances.  The  results 
with  the  carrot  are  conflicting  in  so  far  as  concerns  the  respective 
influence  of  the  carbonates  and  chlorids  upon  the  phosphoric  acid 
content  of  the  roots,  but  in  the  case  of  the  nitrogen  the  percentage  was 
higher  in  both  instances  when  the  carbonates  were  used  than  when 
the  corresponding  chlorids  were  employed. 

In  both  cases  the  results  agree  in  showing  a  greater  percentage  of 
phosphoric  acid  in  the  dry  matter  when  an  extra  three-quarter  ration 
of  the  sodium  salt  was  added. 

In  view  of  the  difference  in  yield  of  110  pounds  in  the  case  of  the 
crops  from  plats  Nos.  39  and  48  when  the  difference  in  the  percentage 
of  phosphoric  acid  in  the  dry  matter  amounted  to  but  0.02,  it  does 
not  seem  justifiable  to  conclude  that  the  soda  had  increased  the 
crop  by  virtue  of  aiding  in  rendering  the  phosphoric  acid  available. 
Furthermore,  if  the  percentage  of  1.20  of  phosphoric  acid  were 
necessary  to  the  production  of  the  483  pounds  of  crop  in  the  case  of 
plat  No.  15,  it  would  not  have  been  possible  to  have  produced  the 
crop  of  483  pounds  in  the  case  of  plat  No.  39  with  only  1.09  per  cent, 
of  phosphoric  acid  present  in  the  dry  matter  of  the  plants.  To  be 
8\u^,  the  chlorin  in  the  one  case  and  the  carbon  dioxid  in  the  other 
might  be  mentioned  as  other  factors  which  would  militate  against 
such  a  line  of  argument,  but  nothing  of  this  kind  can  be  advanced 
as  an  objection  to  the  argument  employed  in  connection  with  plats 
Nos.  39  and  48. 

Where  the  extra  amount  of  sodium  salt  was  applied  and  both  the 
crop  yields  and  the  percentages  of  phosphoric  acid  were  increased, 
the  nitrogen  percentages  in  the  two  cases  were  contradictory. 
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ResiUts  with  Chicory  Roots. 
Below  are  given  certain  results  obtained  with  chicory  roots  in  1899: 

Chicory,  Roots,  1899. 


24 
15 

48 
39 


Per  cent,  in  dry 
matter. 


Special  Manures  Applied. 


|. 


1  I 


P 


Chlorids,  limed;  }  soda,  }  potash. 
Chlorids,  limed;  1  soda,  \  potash. 


200 
189 


Carbonates,  limed;  }  soda,  \  potash 234 

Carbonates,  limed;  1  soda,  \  potash I      205 


0.49 
0.48 

0.56 
0.59 


*Not  determined. 

The  chicory  affords  a  striking  contrast  to  the  radish,  turnip,  beet, 
and  carrot  on  account  of  the  yields  having  been  less  where  the  extra 
three-quarter  ration  of  sodium  salt  was  used  than  where  only  a 
quarter  ration  each  of  the  sodium  and  potassium  salts  was  employed. 

The  results  are  in  full  agreement  with  those  with  the  radish  and 
beet  in  showing  higher  percentages  of  phosphoric  acid  when  the 
carbonates  were  used  than  when  the  chlorids  were  employed. 

The  differences  in  the  phosphoric  acid  percentages  in  the  two  cases, 
as  influenced  by  the  extra  applications  of  sodium,  are  not  only  slight, 
but  also  contradictory. 

ResvMs  with  Several  Varieties  of  Plants  in  1901. 

In  1900  Indian  corn  was  grown  upon  all  of  the  plats,  but  no  attempt 
was  made  to  save  any  of  the  material  for  analysis. 

All  of  the  forty-eight  plats  were  manured  that  season  at  the  same 
rates  and  with  the  same  kinds  of  manures  as  in  the  previous  year 
(see  p.  195),  excepting  that  the  full  rations  of  the  sodium  and  potas- 
sium salts  were  as  follows: 
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Pounds  per  acre. 
280.8  muriate  of  potash  (manure  salt). 
240.0  potassium  carbonate. 
182.4  sodium  chlorid  (common  salt). 
163.2  sodium  carbonate  (soda  ash). 

The  various  plats  received  the  same  rations  and  fractions  of  ra- 
tions of  the  respective  salts  as  in  previous  years. 

In  view  of  the  fact  that  certain  analytical  data  had  already  shown 
in  the  case  of  the  crops  of  1899,  that  the  sodium  had  probably  facili- 
tated the  taking  up  of  phosphoric  acid  and  possibly  of  magnesia, 
it  was  decided  to  increase  the  quantities  of  phosphatic  and  magnesian 
manures  applied  to  all  of  the  plats.  In  consequence,  the  quantities 
of  manures  used  in  1901  were  made  as  follows: 

Ponnde  per  acre. 
1,296  acid  phosphate. 
480  floats. 

600  magnesium  sulfate. 
1,020  dried  blood. 

Below  are  given  the  full  rations  of  the  respective  sodium  and  po- 
tassium salts  which  were  employed : 

Pounds  per  acre. 
241 .2  muriate  of  potash  (manure  salt). 
210.0  potassiiun  carbonate. 
157.8  sodium  chlorid  (common  salt). 
1^.2  sodium  carbonate  (soda  ash). 

The  full  rations  and  fractions  of  rations  of  the  respective  salts  were 
applied  to  the  same  plats  as  in  the  preceding  years. 

Below  are  given  the  results  secured  with  several  of  the  varieties 
of  plants  which  were  grown  upon  the  plats  in  1901. 
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Radish,  White  Strasburg,  Roots,  1901. 


Special  Manures  Applied. 

Per  cent,  in  dry 
ooatter. 

1 

|l 

2 

22 

Chloridfi  limed  *  0  soda.  1  Dotash 

248 
261 
243 

288 
291 
279 

228 
252 
243 

234 
216 

1.03 
1.09 
1.06 

1.09 
1.15 
1.12 

0.92 
1.00 
1.09 

1.08 
1.08 

20 

Chlorids.  limed:  i  soda.  1  potash 

19 

Chlorids  limed :  i  soda.  1  Dotash 

34 

nnrhnn  At.Mi.  iinlimed !  0  soda.  1  notafih 

32 

Pftrhnn At,Afl.  iinlimAd :  1  aoda.  1  nntafih 

31 
46 

Carbonates,  unlimed;  f  soda,  1  potash 

Carbonates,  limed:  0  soda.  1  Dotash 

44 

Carbonates,  limed;  i  soda,  1  potash 

43 

Carbonates,  limed ;  }  soda,  1  potash 

12 

nhlorids.  unlimed!   4  sodft.  4-  nntaflh 

3  54 

3 

Phlopids-  iinliTTied !   1  aoHa.  4-  nntfiAh 

3.20 

*Not  detennined. 

Comparing  the  results  of  the  examination  of  the  crops  from  plats 
Nos.  19,  20,  and  22  with  those  of  the  crops  of  plats  Nos.  43,  44,  and 
46,  it  will  be  seen  that  with  one  unimportant  exception  a  greater 
percentage  of  phosphoric  acid  was  not  found  where  the  carbonates 
were  employed  than  where  the  chlorids  had  been  used.  In  this 
respect  the  results  are  dififerent  from  most  of  those  secured  with  the 
radish  in  1899.  This  may  readily  have  been  due,  however,  to  the 
larger  amount  of  superphosphate  applied  in  1901,  and  to  the  lesser 
opportunity  for  any  phosphoric  acid  to  come  into  play  which  might 
have  been  rendered  available  by  the  action  of  the  carbonates  either 
upon  iron  phosphate  or  the  phosphorus  of  the  humus  compounds. 

The  percentages  of  phosphoric  acid  in  the  crop  were  in  all  thtee 
instances  smaller  where  the  full  rations  of  the  potassium  salts  were 
used  than  where  the  same  were  supplemented  by  fractional  rations 
of  the  sodium  salts.  Nevertheless,  in  only  one  of  the  three  cases 
was  the  percentage  greater  where  a  three-quarter  ration  of  sodium 
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salt  was  used  than  where  but  a  half  ration  was  added.  In  none  of 
the  cases  were  there  more  than  incidental  differences  in  yields,  and 
certain  of  these  were  in  opposite  directions  from  those  of  the  phos- 
phoric acid  percentages,  so  that  no  positive  relationship  between  the 
yields,  and  the  percentages  of  phosphoric  acid  is  exhibited. 

In  the  single  comparison  of  the  result  when  the  crop  was  grown 
with  a  quarter  ration  of  each  salt  with  that  where  an  extra  three- 
quarter  ration  of  the  sodium  salt  was  added,  the  percentages  of  phos- 
phoric acid  were  identical  and  the  yield  was  slightly  less  in  the  latter 
instance.  In  this  respect  the  result  differs  greatly  from  those  ob- 
tained in  1899,  when  maiked  increases  in  yield  resulted  from  the  use 
of  the  extra  sodium  salt.  The  analyses  of  most  of  the  foregoing  crops 
were  made  primarily  to  throw  light  upon  another  problem,  which 
will  be  considered  later. 

Chicory,  Roots,  1901. 


Special  Manuras  Applied. 

Per  cent,  in  dry 
matter. 

6 

1 

h 

s 

?? 

Chlorids.  limed:  0  soda.  1  Dotash 

243 
243 
243 

162 
180 
194 

194 
225 

131 
117 

* 

0.43 
0.42 
0.44 

0.39 
0.41 
0.40 

0  43 

♦ 

?!0 

ChloridB.  limed :  \  vkI a.  1  potash . . .  t 

* 

19 

Chloridfl,  limed;  }  soda,  1  potash 

♦ 

34 

Carbonates,  imlimed;  0  soda,  1  potash 

0.95 

3? 

Carbonates,  imlimed;  )  soda,  1  potash 

0.95 

31 

Carbonates,  unlimed;  f  soda,  1  potash 

0.96 

24 

Chlorids,  limed;  J  soda,  J  potash 

1  n.^ 

^5 

Chlorids,  limed;  1  soda,  J  potash 

0.53          1   12 

48 

Carbonates,  limed;  J  soda,  i  potash 

0.49 
0.48 

0.51 
0.56 

1.14 

39 

Carbonates,  limed;  1  soda,  i  potash 

1.19 

48 

Chicory,  Tops,  1901. 
1  Carbonates,  limed;  J  soda,  J  potash 

♦ 

39 

1  Carbonates,  limed;  1  soda,  \  potash 

* 

*Not  detennined. 
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In  the  series  embracing  plats  Nos.  19,  20,  and  21,  where  the  full 
ration  of  potassium  salt  was  used,  the  further  addition  of  sodium  salt 
was  not  accompanied  by  an  increased  yield.  In  the  next  series 
(plats  No.  31, 32,  and  34)  there  was  a  regular  increase  of  crop  accom- 
panying each  increase  in  the  application  of  sodium  salt. 

It  will  be  seen  that  in  the  two  limed  series  the  yields  when  only 
a  quarter  ration  of  each  salt  was  used  were  much  less  than  when  a 
full  ration  of  the  corresponding  potassium  salt  was  employed.  In 
the  instance  of  the  crops  from  plats  Nos.  39  and  48  the  use  of  the 
additional  three-quarter  ration  of  the  sodium  salt  did  not  increase 
the  yield,  though  an  apparent  increase  resulted  in  the  limed  chlorid 
series  under  the  same  conditions. 

There  was  a  lack  of  positive  evidence  on  the  part  of  the  roots  that 
the  presence  of  extra  amounts  of  sodium  salts  had  increased  the  per- 
centages of  phosphoric  acid  in  the  plants.  Only  a  mere  suggestion 
to  this  effect  was  obtained  in  the  single  instance  where  the  tops  were 
examined,  in  which  case  there  was  a  slightly  greater  percentage  of 
phosphoric  acid  in  those  grown  with  the  extra  amount  of  the  sodium 
salt. 

There  is  also  a  suggestion  that  liming  may  have  raised  the  per- 
centages of  nitrogen  in  the  crop  but  even  this  is  uncertain  in  view 
of  the  fact  that  other  conditions  were  variable  in  the  limed  and  un- 
limed  plats. 
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Special  Manures  Applied. 


|& 


Per  cent,  in  dry 
matter. 


n 


24  Chlorids,  limed;  }  soda,  }  potash. 
15  Chlorids,  limed;  1  soda,  }  potash. 


48  Carbonates,  limed;  J  soda,  }  potash. 
39  Carbonates,  limed;  1  soda,  }  potash. 


Ccarrot,  Tops,  1901. 

48  Carbonates,  limed;  }  soda,  }  potash. 
Carbonates,  limed;  1  soda,  }  potash. 


315 
313 

315 
306 


0.93 
0.95 

0.77 
1.04 


0.70 
0.80 


2.37 
1.98 

2.09 
2.49 


2.87 
3.08 


*Not  determined. 

It  will  be  seen  that  the  percentage  of  phosphoric  acid  was  greater 
in  only  one  of  the  two  instances  when  the  carbonates  were  employed 
than  when  the  chlorids  were  used. 

In  neither  case  was  the  crop  greater  when  an  extra  three-quarter 
ration  of  the  sodium  salt  was  used  than  when  only  a  quarter  ration 
each  of  the  potassium  and  sodium  salt  was  employed. 

In  all  three  instances  the  percentages  of  phosphoric  acid  were 
greater  in  the  case  of  the  corps  grown  with  the  aid  of  additional  so- 
dium salts.  It  will  be  seen,  therefore,  that  increased  percentages  of 
phosphoric  acid  resulted  in  the  crop  in  the  case  of  the  carrot  tops  and 
roots  without  an  accompanying  gain  in  the  yield  of  roots;  in  which 
respect  the  results  differ  from  those  of  the  year  1899,  when  smaller 
amounts  of  phosphates  were  used.  It  is  also  of  interest  to  note  that 
the  percentages  of  phosphoric  acid  were  also  rather  less  in  1901  than 
they  were  in  1899.  It  is  recognized  that  the  climatic  differences  of 
the  two  seasons  might  alone  account  for  considerable  variation  in 
the  percentages  of  phosphoric  acid;  yet  the  fact  that  the  increased 
percentages  in  1901  accompanied  the  use  of  larger  amounts  of  the 
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sodium  salts  without  an  accompanying  gain  in  crop  still  further 
strengthens  the  belief  that  the  increased  yields  in  1899,  resulting  from 
the  use  of  additional  sodium  salts,  were  probably  not  in  consequence 
of  the  larger  amount  of  phosphoric  acid  which  the  crop  had  been  able 
to  take  up. 

In  the  case  of  the  roots  the  percentage  of  nitrogen  was  in  one  case 
less  and  in  one  case  greater  when  an  additional  amount  of  sodium 
salt  was  employed,  and  the  difference  in  the  per  cent,  of  nitrogen  in 
the  tops  is  too  small  to  have  special  significance. 

Results  vnth  Several  Varieties  of  Crops  in  1905. 

The  plats  in  this  experimental  field  were  devoted  to  grass  in  1902, 
1903,  and  1904.  In  each  of  those  years  tankage  was  applied  to  all 
of  the  plats  at  the  uniform  rate  of  1,200  pounds  per  acre.  Before 
seeding  in  the  spring  of  1902  all  of  the  forty-eight  plats  were  limed 
at  the  rate  of  one  ton  per  acre.  It  may  be  mentioned  that  in  1894 
and  1896  plats  13  to  24,  inclusive,  and  37  to  48,  inclusive,  had  al- 
ready been  limed,  but  that  no  lime  had  been  applied  to  any  of  the 
other  plats  prior  to  1902. 

In  1905  the  plats  were  plowed,  and  all  were  manured  uniformly 
ajs  follows: 

Poundfl  p«r  acre. 
1,500  dissolved  bone. 
1,000  dried  blood. 
420  magnesium  sulfate. 

In  this  season,  for  the  first  time,  the  idea  of  using  amounts  of 
sodium  carbonate  for  the  full  ration  which  should  neutralize  the  same 
amount  of  acid  as  the  full  ration  of  potassium  carbonate  was  aban- 
doned. This  was  for  the  reason  that  it  was  desired  to  make  applica- 
tions of  potassium  which  would  be  so  great  that  no  additional  amount 
of  potassium  salts  would  result  in  benefit,  and  it  was  feared  that  the 
use  of  the  larger  amounts  of  chlorids  corresponding  to  the  full  ration 
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of  potassium  carbonate  and  a  full  ration  of  the  sodium  carbonate 
might  otherwise  prove  poisonous  to  the  crop. 

The  full  rations  of  the  sodium  and  potassium  salts  in  1905  were 
therefore  inade  as  follows: 

Pounds  p«r  acre.  • 

402.8  muriate  of  potash  (high  grade  manure  salt). 

354.9  potassium  carbonate. 

200.0  sodium  chlorid  (common  salt). 
185.0  sodium  carbonate  (soda  ash). 

In  addition  to  the  usual  manures,  which  were  harrowed  into  the 
soil,  an  application  of  ammonium  nitrate  at  the  rate  of  72  pounds 
per  acre  was  made  broadcast  to  all  of  the  plats  just  prior  to  the 
appearance  of  the  young  plants.  -  The  object  in  using  ammonium 
nitrate  was  to  have  some  immediately  assimilable  nitrate  present 
at  the  outset,  in  order  that  there  might  be  no  delay  in  the  growth  in 
consequence  of  any  possible  delay  in  the  nitrification  of  the  dried 
blood. 

Half  of  each  plat  was  devoted  to  flat  turnips  and  the  other  half  to 
Strasburg  (white)  radish. 

The  yields  and  the  analytical  data  concerning  the  crops  upon  cer- 
tain of  the  plats  are  given  below.  The  yields  are  calculated  to  the 
basis  of  one-sixtieth  of  an  acre,  in  agreement  with  all  of  the  yields 
which  have  preceded. 
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Radish,  WhUe  Strofburg,  Roots,  1905. 


Special  Manures  Applied. 

Yield,  green, 
poundi. 

1 
Per  cent,  in  diy 
matter. 

i 
1 

o 

1 

1? 

Chlorids,  limed  oncej  \  soda,  \  potash 

398 
456 

324 
438 

372 
400 

375 
398 

557 
550 

498 
547 

553 
556 

514 
555 

1.07 
1.10 

0.98 
1.08 

1.15 
1.26 

1.03 
1.16 

1.03 
0.97 

1.00 
1.05 

1.11 
1.16 

1.12 
1.01 

3  84 

3 

Chlorids,  limed  once;  1  soda,  J  potash 

3  50 

?4 

Chlorids,  limed  thrice;  }  soda,  J  potash 

4  03 

15 

Chlorids.  limed  thrice :  1  soda.  4-  Dotash 

4  11 

36 

Carbonates,  limed  once :  1  soda.  1  Dotash 

3  76 

?7 

Carbonates,  limed  once;  1  soda,  \  potash 

4  10 

48 
39 

11 

Carbonates,  limed  thrice;  i  soda,  i  potash 

Carbonates,  limed  thrice;  1  soda,  }  potash 

Chlorids,  limed  once;  }  soda,  f  potash 

3.87 
3.87 

3.65 

1 

Chlorids,  limed  once;  1  soda,  f  potash 

3.47 

?3 

Chlorids,  limed  thrice;  f  soda,  f  potash 

3.76 

13 

Chlorids,  limed  thrice;  1  soda,  f  potash 

3.88 

35 

Carbonates,  limed  once;  f  soda,  f  potash 

3.65 

?5 

Carbonates,  limed  once;  1  soda,  f  potash 

3.77 

47 
37 

Carbonates,  limed  thrice;  f  soda,  f  potash, 

Carbonates,  limed  thrice;  1  soda,  f  potash 

3.82 
3.66 

With  the  exception  of  a  lower  percentage  of  phosphoric  acid  in 
the  crop  from  plat  No.  37,  as  compared  with  the  percentage  in  the 
case  of  the  crop  from  plat  No.  13,  it  will  be  seen  that  in  all  of  the  eight 
cases  where  comparisons  are  permissible  the  use  of  sodium  car- 
bonate and  of  potassium  carbonate  was  followed  by  higher  per- 
centages of  phosphoric  acid  than  when  the  corresponding  chlorids 
were  employed.  In  this  respect  the  results  support  the  observations 
made  in  1899.  It  is  of  interest  to  note  that  the  crops  were  in  three 
cases  larger  where  the  chlorids  were  employed  than  with  the  corre- 
sponding carbonates,  even  notwithstanding  the  greater  percentages 
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of  phosphoric  acid  in  the  crops  produced  with  the  carbonates. 
This  difference  in  3rields  appears  to  have  been  due,  probably,  to  the 
fact  that  the  radish  often  thrives  better  upon  a  somewhat  acid  soil 
than  upon  one  which  has  been  rendered  neutral  or  alkaline.  At  all 
events,  an  indication  is  afforded  that  in  these  particular  instances 
the  amount  of  phosphoric  acid  taken  up  by  the  plant  can  not  be  con- 
sidered as  the  factor  in  determining  the  size  of  the  crop. 

An  examination  of  the  results  where  a  quarter  ration  each  of  po- 
tassium and  sodium  salts  was  applied  reveals  the  fact  that  the  crops 
were  smaller  in  every  case  than  where  an  extra  three-quarter  ration 
of  the  sodium  salt  was  added;  and,  furthermore, -the  percentages  of 
phosphoric  acid  in  the  crops  increased  in  each  instance  upon  the 
addition  of  the  extra  sodium  salt.  Where  a  three-quarter  ration  of 
each  salt  was  supplemented  by  an  extra  quarter  ration  of  the  sodium 
salt  the  yields  were  materially  greater  in  only  two  of  the  four  cases, 
and  in  but  one  of  these  instances  was  the  percentage  of  phosphoric 
acid  in  the  crop  greater  than  where  a  smaller  amount  of  the  sodium 
salt  had  been  used.  In  fact,  a  three-quarter  ration  of  the  sodium 
salt  gave  such  a  large  supply  that  the  addition  of  an  extra  quarter 
ration  could  not  be  expected  to  exert  the  same  effect  as  where  the 
initial  amount  of  the  sodium  salt  was  less.  Another  factor  which 
would  also  be  expected  to  lessen  the  effect  of  the  extra  amount  of 
the  sodium  salt  was  the  presence  of  a  three-quarter  ration  of  potas-- 
sium  salt. 

In  addition  to  the  evidence  already  presented  above,  to  the  effect 
that  the  percentage  of  phosphoric  acid  in  the  crop  was  not  the  factor 
governing  the  yield  under  the  conditions  of  this  experiment,  it  will 
be  observed  that  in  no  instance  where  the  yields  amounted  to  over 
500  pounds  was  the  percentage  of  phosphoric  acid  as  great  as 
in  the  instance  of  the  crop  upon  plat  No.  27,  where  the  yield  was  only 
400  pounds.  It  will  be  seen  also  that  in  the  case  of  plat  No.  36,  with 
a  yield  of  but  372  pounds,  the  per  cent,  of  phosphoric  acid  in  the 
crop  was  larger  than  in  any  instance  but  one,  where  the  crop  exceeded 
500  pounds.     This  view  that  the  per  cent,  of  phosphoric  acid  in  the 

10 
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plant  was  not  the  important  factor  influencing  the  yield  is  even  more 
strongly  impressed  when  one  observes  the  commanding  influence 
upon  crop  production  exerted  by  the  extra  quantities  of  potassium 
salts,  as  shown  by  the  yields  given  in  the  lower  as  compared  with 
the  upper  part  of  the  preceding  table.  If  sodium  can  replace  some 
of  the  potassium  in  certain  functions,  the  reason  for  its  benefit  be- 
comes more  obvious. 

It  will  be  observed  that  in  five  of  the  eight  cases  an  increase  in  the 
percentage  of  nitrogen  accompanied  the  increased  yields  and  the 
use  of  additional  sodium  salts,  which  would  give  some  slight  ground 
for  accepting  in  this  case  the  belief  held  at  Rothamsted  and  at  Halle 
that  sodium  is  helpful  by  virtue  of  acting  as  a  ready  carrier  of  nitrogen 
to  the  plant.  Yet  when  one  observes  that  some  of  the  highest  per- 
centages of  nitrogen  accompany  certain  low  yields,  the  ground  for 
such  a  conclusion  is  somewhat  weakened. 

Below  are  given  the  results  where  the  effect  of  a  full  ration  of 
potassium  salt  is  compared  with  that  of  the  same  ration  supple- 
mented by  a  half  ration  of  sodium  salt. 

Radish,  White  Strasburg,  Roots,  1905. 


Spedal  Manures  Applied. 

i! 

Per  cent,  in  dry 
matter. 

i 
1 

1^ 

s 

10 

Chlorids,  limed  once;  0  soda,  1  potash 

522 
542 
574 

522 
553 

548 
555 

508 
532 

1.08 
1.06 
1.02 

1.02 
1.02 

1.17 
1.19 

1.06 
1.09 

3.51 

8 

Ghlorids,  limed  once;  )  soda,  1  potash 

3.52 

/> 

Chlorids,  limed  once;  1  soda,  1  potash 

3.46 

?? 

Chlorids,  limed  thrice;  0  soda,  1  potash 

3.85 

?,0 

Chlorids,  limed  thrice;  J  soda,  1  potash 

3.94 

84 

Carbonates,  limed  once;  0  soda,  1  potash 

3.60 

3? 

Carbonates,  limed  once;  J  soda,  1  potash 

.3.69 

46 
41 

Carbonates,  limed  thrice;  0  soda,  1  potash 

Carbonates,  limed  thrice;  1  soda,  1  potash 

3.77 
3.49 
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It  is  obvious,  from  a  glance  at  the  yields  immediately  preceding 
these,  that  a  three-quarter  ration  of  potassiiun  salt  was  all  that  the 
plants  apparently  needed  in  the  presence  of  a  three-quarter  ration 
of  sodium  salt.  In  all  of  the  four  cases  in  this  instance  greater  yields 
were  obtained  where  the  full  ration  of  potassium  salt  was  supple- 
mented by  a  half  or  full  ration  of  sodium  salt  than  where  the  former 
alone  was  employed.  Though  these  results  may  have  been  merely  ac  - 
cidental,  they  appear  indicative  of  possible  benefit  from  the  sodium 
salt  in  the  presence  of  what  would  seem  to  have  been  a  sufficient 
amount  of  potassium  salt.  That  the  increased  3delds  in  this  par- 
ticular instance  were  due  to  a  greater  assimilation  of  phosphoric  acid 
in  consequence  of  the  presence  of  the  sodium  salts  seems  doubtful 
and  is  not  well  supported  by  the  relative  percentages  of  the  phos- 
phoric acid  in  the  crop.  What  has  been  said  of  the  phosphoric  acid 
in  this  particular  appears  to  be  equally  applicable  to  the  nitrogen. 

These  results  bear  out  many  previous  observations  to  the  effect 
that  the  use  of  the  carbonates  was  accompanied  by  more  phosphoric 
acid  in  the  dry  matter  than  the  use  of  the  chlorids. 

Results  with  the  English,  or  Flat,  Turnip,  1905. 

Below  are  given  the  crop  yields  and  the  analytical  data  in  con- 
nection with  certain  of  the  experimental  plats,  which  were  obtained 
with  flat,  or  English,  tunrips  in  1905. 


Digitized  by  VjOOQIC 


214 


R.  I.  Agl.  Expt.  Sta.  Rep.,  1906. 
English  or  Flat,  Turnip,  RooU,  1905. 


Special  Manures  Applied. 

Per  cent,  in  dry 
matter. 

6 

i 

h 

s 

1? 

Ohioridfl,  limpd  onw;  J  snda,  J  pot^^li  , 

240 
373 

192 
294 

227 
269 

246 
372 

390 
402 

340 
377 

311 
385 

376 
371 

404 
392 

369 
392 
382 

414 
420 
358 

384 
399 
394 

1.32 
1.39 

1.29 
1.35 

1.45 
1.47 

1.30 
1.39 

1.29 
1.42 

1.26 
1.26 

1.41 
1.42 

1.33 
1.23 

1.41 
1.38 

1.28 
1.28 
1.31 

1.40 
1.41 
1.40 

1.31 
1.43 
1.42 

3  01 

3 

Chlorids,  limed  once;  1  soda,  J  potash 

2  90 

24 

Ohloridfl.  limed  thrice:  4-  Roda.  4-  notflifh 

3  13 

15 

Chlorids,  limed  thrice;  1  soda,  J  potash 

3  09 

86 

Carhonat^rfl.  limed  once:  4-  noda.  4-  potash. 

3  07 

97 

Carbonates,  limed  once :  1  soda.  4-  Dotash 

3  33 

48 
39 

6 

Carbonates,  limed  thrice;  }  soda,  }  potash 

Carbonates,  limed  thrice;  1  soda,  i  potash 

Chlorids,  limed  once ;  ^  soda,  ^  potash 

3.28 
2.67 

2  41 

? 

Chlorids,  limed  once;  1  wxia,  ^  potash ,..,,,...., 

2  80 

18 

Chlorids,  limed  thrice;  J  soda,  J  potash 

2  64 

14 

Chlorids,  limed  thrice;  1  soda,  ^  potash 

2  46 

80 

Carbonates,  limed  once;  J  soda,  J  potash 

2  77 

?6 

Carbonates,  limed  once;  1  soda,  J  potash 

2  54 

?!8 

Chlorids.  limed  thrice :  i  soda,  i  Dotash 

2  51 

13 

Chlorids.  limed  thrice :  1  soda,  i  Dotash 

2  24 

47 
37 

?? 

Carbonates,  limed  thrice;  f  soda,  J  potash 

Carbonates,  limed  thrice;  1  soda,  }  potash 

Chlorids,  limed  thrice;  0  soda,  1  potash 

2.60 
2.42 

2  55 

?0 

Chlorids,  limed  thrice;  J  soda,  1  potash 

2  22 

17 

Chlorids.  limed  thrice:  1  soda.  1  Dotash. . 

2  32 

84 

Carbonates,  limed  once:  0  soda.  1  Dotash 

2  53 

8? 

Carbonates,  limed  once:  ^  soda.  1  Dotash 

2  22 

?!9 

Carbonates,  limed  once:  1  soda.  1  Dotash 

2.40 

46 
44 
41 

Carbonates,  limed  thrice;  0  soda,  1  potash 

Carbonates,  limed  thrice;  i  soda,  1  potash 

Carbonates,  limed  thrice;  1  soda,  1  potash 

2.52 
2.59 
2.45 
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There  seems  in  the  foregoing  table  to  be  no  definite  nor  constant 
relationship  between  the  percentages  of  phosphoric  acid  and  of  nitro- 
gen, nor  between  either  one  and  the  yields.  In  ten  of  the  eleven 
instances  where  comparisons  are  permissible  between  the  carbonates 
and  chlorids  there  was  a  higher  percentage  of  phosphoric  acid  in  the 
crops  where  the  carbonates  were  employed,  and  in  the  eleventh  case 
the  percentages  were  identical. 

In  each  of  the  four  cases  when  a  quarter  ration  each  of  sodium  and 
potassium  salt  was  supplemented  by  an  additional  three-quarter 
ration  of  sodium  salt  the  yield  was  greatly  increased.  At  the  same 
time  the  percentages  of  phosphoric  acid  in  the  crops  ranged  from 
.02  to  .09  greater  than  where  additional  sodium  was  not  present. 

When  a  half  ration  each  of  potassium  and  sodium  salt  was  sup- 
plemented by  an  additional  half  ration  of  sodium  salt  the  crops  were 
increased  12, 37,  and  74  pounds,  but  in  only  one  of  the  three  instances 
was  there  a  suflSciently  greater  percentage  of  phosphoric  acid  in  the 
crop  to  have  any  significance. 

When  a  three-quarter  ration  of  each  salt  was  supplemented  by 
an  additional  quarter  ration  of  sodium  salt  the  yields,  and  the  per- 
centages of  phosphoric  acid,  were  in  both  cases  less  than  where  it  was 
not  added. 

In  the  six  instances  when  a  full  ration  of  potassium  salt  was  sup- 
plemented by  either  a  half  or  a  full  ration  of  sodium  salt  the  yields, 
and  percentages  of  phosphoric  acid,  were  such  as  to  furnish  no  evi- 
dence that  there  had  been  a  positive  gain  in  yield  or  in  the  percentage 
of  phosphoric  acid  as  a  consequence  of  adding  the  sodium  salt. 
These  results  are  chiefly  of  interest  when  compared  with  those  se- 
cured when  the  supply  of  potassium  salt  was  small,  for  in  the  latter 
case  the  yield  and  the  percentage  of  phosphoric  acid  in  the  crop  were 
both  increased  by  the  application  of  further  sodium  salt  in  the 
manures. 

The  important  point  to  be  considered  is  whether  the  increased 
yields  just  mentioned  were  the  result  of  the  higher  percentages  of 
phosphoric  acid  or  whether  the  latter  were  merely  incidental  accom- 
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paniments  of  the  increased  yields.  When  the  quarter  ration  of  each 
salt  was  used  the  yields  were  240,  192,  227,  and  246  pounds,  with 
1.32,  1.29,  1.45,  and  1.30  as  the  accompanying  percentages  of  phos- 
phoric acid.  Upon  the  addition  of  the  three-quarter  ration  of  sodium 
salt  the  corresponding  yields  rose  to  373,  294,  269,  and  372  pounds 
and  the  percentages  of  phosphoric  acid  to  1.39,  1.35,  1.47,  and  1.39, 
respectively. 

Upon  comparing  the  other  results  in  the  table  it  will  be  seen, 
however,  that  there  are  several  instances  in  which  yields  greater  than 
any  of  those  mentioned  above  were  produced  with  smaller,  or  es- 
sentially as  small,  percentages  of  phosphoric  acid.  The  yields  here 
cited  were  furthermore  all  of  them  what  would  be  propedy  considered 
as  normal.  The  evidence  afforded  does  not,  therefore,  fully  uphold 
the  idea  that  the  yields  were  increased  as  the  direct  result  of  the 
presence  of  the  higher  percentages  of  phosphoric  acid  in  the  crop, 
but  much  evidence  is  aflForded  that  the  increase  was  due,  possibly, 
to  some  direct  function  of  sodium  which  it  was  capable  of  exercising 
in  the  absence  of  an  abundance  of  potassium.  The  possible  influence 
of  the  sodium  salts  upon  the  osmotic  pressure,  upon  the  reaction 
of  the  medium  in  which  the  plants  are  grown,  and  Upon  other  fac- 
tors is  being  studied  by  way  of  water  culture,  and  these  results  will 
be  published  later. 

Other  results  secured  with  the  same  kind  of  flat  turnips  in  another 
experiment  are  of  interest  in  this  connection,  particularly  for  the 
reason  that  the  turnips  were  growing  at  the  same  time  and  were 
harvested  shortly  after  those  which  have  just  been  discussed.  The 
soil  in  this  permanent  plat,  (No.  45)  was  manured  uniformly  with 
phosphoric  acid,  potash,  and  nitrogen.  In  one  instance  the  phos- 
phoric acid  was  supplied  in  guano,  in  another  in  acid  phosphate,  and 
in  a  third  in  fine  ground  bone.  The  jdelds  from  the  same  areas  as 
those  given  above  were  406,  395,  and  374  pounds,  respectively, 
and  the  corresponding  percentages  of  phosphoric  acid  were  0.93, 1.01, 
and  1.02.  It  will  be  seen  that  these  yields  were  all  above  those 
obtained  where  the  quarter  ration  of  each  salt  was  supplemented  by 
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a  three-quarter  ration  of  sodium  salt,  and  at  the  same  time  the  per- 
centages of  phosphoric  acid  in  the  dry  matter  of  the  crop  were  much 
less  than  in  the  cases  which  have  just  been  considered.  This  still 
further  lends  support  to  the  idea  that  the  higher  percentages  of 
phosphoric  acid  accompanjring  the  increased  }delds  produced  by  the 
additional  sodium  salt  were  not  the  actual  cause  of  the  increased 
yields,  but  that  they  were  merely  an  incidental  accompaniment,  due 
possibly  to  the  solvent  action  upon  the  phosphates  within  the  soil 
or  to  the  ability  of  the  plant  to  most  easily  take  up  phosphoric  acid 
when  it  is  combined  with  potassium  or  sodium. 

With  the  hope  of  throwing  additional  light  upon  the  relative  in- 
fluence  of  sodium  and  potassiiun  salts  on  the  percentages  of  nitrogen 
and  phosphoric  acid  in  certain  crops,  samples  for  analysis  were  taken 
from  plats  where  a  quarter  ration  of  sodium  was  employed  together 
with  a  full  ration  of  potassium,  and  on  the  other  hand  from  plats 
where  a  full  ration  of  sodium  salt  was  supplemented  by  a  quarter 
ration  of  potassium  salt.  The  results  of  these  analyses  are  given 
below : 

Radish,  White  Strasburg,  Roots,  1905. 


Special  Manures  Applied. 

i. 

Per  cent,  in  dry 
matter. 

o 

1 

d 

1 

p 

|l 

s 

3 

ChloridSy  limed  onoe;  1  soda,  J  potaflh 

456 

1.10 

3  50 

9 

Chlorids,  limed  onoe;  J  soda,  1  potash 

547 

1.17 

3  52 

15 

Chlorids.  Hrned  thncei  1  soda-.  4*  PotAsb  -,..,.. 

438 

1  08 

4  11 

21 

Chlorids.  limed  thrice:  4>  soda.  1  Dotash 

511 

1  32 

3  82 

27 

Carbonates  limed  once;  1  soda,  }  potash 

400 

1.26 

4  10 

33 

Carbonates  limed  once;  }  soda,  1  potash 

557 

1.19 

3  69 

39 

Carbonates  limed  thrice;  1  soda,  }  potash 

398 

1.16 

3.87 

45 

Carbonates,  luned  thrice;  i  soda,  1  potash 

522 

1.08 

3.51 
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It  will  be  observed  that,  so  far  as  concerns  phosphoric  acid,  the 
percentages  were  in  two  cases  higher  where  the  larger  amount  of 
sodium  salt  was  used.  In  the  other  two  cases  the  percentages  of 
phosphoric  acid  were  lower,  even  though  the  yields  were  smaller  in 
all  four  instances.  In  all  but  one  of  the  four  instances  higher  per- 
centages of  nitrogen  accompanied  the  use  of  the  larger  proportion 
of  sodium  salts;  yet,  nevertheless,  the  crops  were  in  all  cases  much 
smaller  than  where  the  larger  proportion  of  potassium  salt  was  ap- 
plied. There  is  no  good  evidence  that  the  excess  of  nitrogen  in- 
hibited growth,  and  still  less  that  the  phosphoric  acid  did  so;  but  on 
the  contrary,  the  limit  to  the  size  of  the  crop  seems  to  have  been  de- 
termined chiefly  by  the  supply  of  potassium,  though,  as  had  been 
abundantly  shown  by  the  experiments  described  elsewhere,  sodium 
materially  increases  the  crop  when  the  supply  of  potassium  is  in- 
sufficient for  its  needs.  The  results  with  the  English,  or  flat,  turnip, 
which  was  also  grown  in  the  year  1905,  will  now  be  considered. 

English,  or  Flat  Turnip ,  Roots,  1905. 


I    Per  cent,  in  dry 
matter. 


I' 
I 


Special  Manures  Applied. 


Q-4 


3 
9 

15 
21 

27 
33 

39 
45 


Chlorids,  limed  once;  1  soda,  }  potash. 
Chlorids,  limed  once;  }  soda,  1  potash. 


373 
413 


Chlorids,  limed  thrice;  1  soda,  J  potash 294 

Chlorids,  limed  thrice;  J  soda,  1  potash 406 

Carbonates,  limed  once;  1  soda,  J  potash '  269 

Carbonates,  limed  once;  J  soda,  1  potash 402 


Carbonates,  limed  thrice;  1  soda,  J  potash. 
Carbonates,  limed  thrice;  J  soda,  1  potash. 


372 
344 


1.39 
1.15 

1.35 
1.26 

1.47 
1.09 

1.39 
1.23 


2.90 
2.49 

3.09 
2.29 

3.33 
2.35 

2.67 
2.74 


It  will  be  observed,  in  the  case  of  the  turnip,  that  in  all  four  in- 
stances  the   percentages   of   phosphoric    acid   were   unmistakably 
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greater  when  the  larger  amount  of  sodium  salt  was  used.  The  same 
was  also  true  of  the  nitrogen,  excepting  in  the  last  instance.  The 
fact  that  greater  yields  accompanied  smaller  percentages  of  nitrogen 
and  of  phosphoric  acid  in  three  of  the  four  cases  can  not  be  considered 
as  furnishing  evidence  that  the  nitrogen  and  phosphoric  acid  in- 
hibited growth,  but  that  the  growth  was  limited,  as  in  the  case  of  the 
radish,  by  the  shortage  of  potassium.  It  would  certainly  be  of  much 
interest  to  ascertain  if  the  extra  phosphorus  found  in  these  plants  in 
consequence  of  the  employment  of  sodium  salts  is  in  inorganic  or 
organic  combinations  within  the  plant,  for  in  view  of  the  recent  work 
by  Jordan,  Hart,  and  Patten,*  and  by  TunnicliflFe,t  it  might  in  some 
cases  have  marked  influence  upon  the  function  of  the  plant  as  con- 
cerns its  food  value. 

It  may  be  seen  by  reference  to  the  relative  amounts  of  proteid 
and  non-proteid  nitrogen  in  the  turnip  roots  (page  220),  that  a  smaller 
proportion  of  proteid  nitrogen  accofnpanied  an  increase  in  the  per- 
centages of  both  phosphoric  acid  and  nitrogen  when  the  larger  pro- 
portion of  sodiimi  was  used,  and  that  in  the  one  instance  where  phos- 
phoric acid  only  was  increased  the  proportion  of  proteid  and  non- 
proteid  nitrogen  remained  unchanged.  These  results,  although 
too  limited  in  number  to  be  more  than  suggestive,  certainly  indicate 
that  the  increased  percentages  of  phosphoric  acid  and  nitrogen  may 
not  have  increased  the  feeding  value  of  the  crop. 

Concerning  the  Influence  of  Sodium  and  Potassium  upon  the  Relative 
Percentages  of  Proteid  and  Non-Proteid  Nitrogen, 

In  order  to  form  some  idea  as  to  the  influence  of  sodium  and  po- 
tassium upon  the  relative  percentages  of  proteid  and  non-proteid 
nitrogen  present  in  the  crops,  a  few  determinations  were  made  for 
this  purpose.  The  data  are  not  sufficient  to  be  conclusive,  but  are 
rather  to  be  looked  upon  as  suggestive  until  opportunity  may  be 
afforded  us  or  others  to  pursue  the  subject  further. 

*Teclmical  Bulletin  No.  1,  N.  Y.  Agr.  Experiment  Station,  Geneva. 

tArch.  Intemat.  Pharmacop.  et  Th^.  16  (1906).  No.  1-4,  pp.  207-220,  Abe.  E.  8.  R.  18,  p. 
309. 

11 
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The  non-proteid  nitrogen  given  below  includes  nitrogen  in  nitrates 
in  amounts  approximating  0.9  per  cent,  of  the  dry  matter  in  the  case 
of  the  radish  and  about  half  that  quantity  in  the  case  of  the  turnips. 
In  addition  to  these  data  it  is  desirable  that  determinations  be  made 
in  order  to  ascertain  the  relative  amounts  of  nitrate  and  of  amido 
nitrogen  in  the  individual  cases,  but  the  time  at  disposal  has  ren- 
dered this  as  yet  impossible. 

Below  are  given  the  analytical  data  which  were  secured: 

Per  cent,  of  Nitrogen  in  Different  Combinations  in  the  Dry  Matter 
of  the  Roots  (Crop  of  1905). 


Kind  of  Crop  and  of  Sodium 
and  Potassium  Salts  Used. 


Ldobd  Owcb. 


in 


OS 

pi 
III 


LnoDD  THmxB  Tuna. 


i 


III 


I 


Plat  No 

Turnip  Roots, 
Chlonds. 

Total  nitrogen 

Proteid  nitrogenf 

Non-proteid  nitrogen . . 


Plat  No 

Turnip  Roots, 
Carbonates. 

Total  nitrogen 

Proteid  nitrogen 

Non-proteid  nitrogen . 

Plat  No 

Radish  Roots. 
ChJorids. 

Total  nitrogen 

Proteid  nitrogen 


2.90 

* 
* 

27 


3.33 
1.49 
1.84 


3.50 
1.36 


* 
* 

27 


44.7 
55.3 


2.49 
33 


2.35 
1.36 
0.99 


Non-proteid  nitrogen ,2.14    61.2    2 . 04 


38.8 


9 


3.52 
1.48 


33 


57.9 
42.1 


42.1 
57.9 


15 


3.09 
1.55 
1.54 

39 


2.67 
1.46 
1.21 

15 


4.11 
1.49 
2.62 


15 


50.2 
49.8 

39 


54.7 
45.3 

15 


36.3 
63.7 


21 


2.29 
1.43 
0.86 

45 


2.74 
1.49 
1.25 

21 


3.82 
1.35 
2.47 


21 


62.4 
37.6 

45 


54.4 
45.6 

21 


35.3 
64.7 


*Not  determined.         fDetermined  by  the  official  method  of  the  A.  O.  A.  C. 
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In  the  case  of  the  turnip  crops  from  plats  Nos.  15  and  21  it  will  be 
seen  that  62.4  per  cent,  of  the  total  nitrogen  was  in  the  proteid  com- 
bination when  the  full  ration  of  potassium  and  quarter  ration  of 
sodium  were  employed,  but  in  the  instance  when  a  full  ration  of 
sodium  and  a  quarter  ration  of  potassium  were  used  it  will  be  seen 
that  only  50.2  per  cent,  of  the  total  nitrogen  was  in  proteid  com- 
binations. Quite  similar  results  were  secured  in  the  case  of  the  crops 
from  plats  Nos.  27  and  33.  Also  with  the  radish  roots  from  plats 
Nos.  3  and  9  the  results  pointed  in  the  same  direction,  though  the 
difference  was  small.  In  the  case  of  the  turnips  from  plats  Nos. 
29  and  45  and  of  the  radishes  from  plats  Nos.  15  and  21  the  results 
were  practically  alike,  though  in  the  latter  case  pointing  slightly  in 
the  opposite  direction  from  those  first  mentioned  above.  In  view 
of  the  tendency  of  sodium  salts  to  increase  the  percentage  of  phos- 
phorus in  certain  of  the  plants  which  have  been  employed  in  these 
experiments,  particularly  when  the  supply  of  potassium  was  small, 
it  would  seem  desirable  that  this  question  should  be  studied  further 
in  order  that  more  conclusive  data  on  this  point  may  be  secured. 

In  concluding  the  discussion  of  this  phase  of  the  results  with  the 
sodium  salts  it  may  be  said  that,  as  a  whole,  they  show  that  the  use 
of  sodium  carbonate  and  potassium  carbonate  has  been  followed  as 
a  rule  by  higher  percentages  of  phosphoric  acid  in  the  crop  than  the 
use  of  the  chlorids. 

It  has  been  very  conclusively  shown  in  the  field  that,  in  the  presence 
of  limited  supplies  of  potassium  salts,  sodium  salts  are  important 
factors  in  increasing  the  yields  of  certain  crops.  This  was  particu- 
larly striking  in  the  case  of  the  mangel-wurzel,  even  when  a  very 
large  quantity  of  potassium  was  employed. 

The  results  show  in  a  most  conclusive  manner  that  by  the  em- 
ployment of  sodium  salts,  particularly  where  the  supply  of  potash 
is  limited,  the  percentages  of  phosphorus  in  the  crop  are  notably  in- 
creased. Much  evidence  has  also  been  deduced  to  show  that  the 
increased  crops  accompanying  the  employment  of  sodium  salts  under 
the  circimistances  mentioned  were  not  in  consequence  of  the  presence 
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of  larger  amounts  of  phosphoric  acid  in  the  plant,  but  that  the  gain 
was  possibly  due  to  a  direct  physiological  function  of  the  sodium  or 
to  other  causes  which  will  be  discussed  in  a  later  publication. 

No  constant  nor  definite  relationship  has  been  observed  between 
the  percentages  of  phosphoric  acid  and  nitrogen  in  the  crops.  This 
has  been  somewhat  of  a  surprise  in  view  of  the  frequent  references 
in  the  agricultural  literature  to  the  effect  that  "the  phosphorus  goes 
with  the  nitrogen,"  yet  this  may  have  been  due  in  part  to  our  having 
dealt  chiefly  with  root  crops.  It  is  possible  that  further  light  may 
be  thrown  upon  this  point  when  it  becomes  convenient  to  determine 
more  fully  the  individual  nitrogenous  compounds  of  these  crops,  a 
work  that  is  in  prospect,  in  connection  with  a  careful  study  of  the 
influence  of  sodium  salts  upon  the  organic  constituents  of  plants. 

Could  the  Frequent  Beneficial  Effect  of  Sodium  Salts  Have 

Been  due  to  Their  Enabling  the  Plant  to  Take  up 

Additional  Lime  or  Magnesia? 

It  becomes  important,  in  connection  with  a  discussion  of  the  reason 
for  the  beneficial  action  of  sodium  salts  in  these  experiments,  to  con- 
sider whether  any  part  of  the  benefit  can,  under  the  circumstances, 
be  attributed  to  a  "  setting  free  "  of  lime  or  magnesia. 

Below  are  given  the  yields  of  Strasburg  radish  upon  the  same  area 
basis  as  those  given  previously  in  connection  with  the  discussion 
of  the  nitrogen  and  phosphoric  acid  percentages.  Accompanying 
these  are  the  respective  percentages  of  lime  and  magnesia  found  in 
the  dry  matter  of  the  crops. 
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Spedid  Manmw  AppHed. 

1 

P«r  cent,  in  dry 
matter. 

i 

|| 

1 

1? 

Ghloridfl,  unlimed;  J  soda,  J  potaah 

547 
709 

432 
685 

547 
722 

432 
540 

797 
834 

662 
766 

776 
817 

621 
662 

1.38 
1.09 

1.56 
1.19 

1.17 
1.27 

1.53 
1.07 

1.02 
1.06 

1.43 
1.32 

1.24 
1.23 

1.19 
1.17 

0  73 

3 

ChloridB,  unlimed;  1  soda,  J  potash, 

0  67 

?A 

Chlorids,  limed;  J  soda,  J  potash 

1  02 

U 

Chlorids,  limed;  1  soda,  J  potash 

0  73 

vm 

Carbonates,  imlimed;  }  soda,  }  potash 

0  77 

27 

Carbonates,  unlimed;  1  soda,  }  potash 

0  94 

48 

Carbonates,  limed;  }  soda,  }  potash 

1  17 

.39 

Carbonates,  limed;  1  soda,  }  potash 

0  76 

6 

Chlorids,  unlimed;  }  soda,  }  potash 

0  65 

? 

Chlorids,  unlimed;  1  soda,  }  potash 

0  58 

18 

OhloridB,  lifted;  J  floda,  }  iwtflsh. 

0  56 

14 

Chlorids,  limed;  1  soda,  J  potash 

0  63 

30 

Carbonates,  unlimed;  }  soda,  )  potash 

0  75 

26 

Carbonates,  unlimed;  1  soda,  J  potash 

0  90 

4? 

Carbonates,  limed;  }  soda,  J  potash 

0  72 

38 

Carbonates,  limed;  1  soda,  }  potash 

0  67 

It  will  be  observed  that  in  three  of  the  four  cases  where  a  quarter 
ration  of  each  salt  was  supplemented  by  the  addition  of  a  three- 
quarter  ration  of  sodium  salt  to  the  great  advantage  of  the  crop,  that 
the  percentages  of  both  lime  and  magnesia  were  less  than  where 
lees  soda  was  employed.  It  will  also  be  seen  that  the  benefit  was 
apparently  not  due  to  changes  in  the  relative  amounts  of  lime  and 
magnesia  taken  up  by  the  crop,  as  might  be  suggested  by  one  familiar 
with  the  work  of  Loew  and  his  fellow-workers,  since  these  changes 
were  not  of  such  a  character  nor  of  such  a  degree  as  to  explain  the 
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Carrot,  Roots,  1899. 


Speoud  Manures  Applied. 


1^ 


Per  cent,  in  drj 
matter. 


H 


24 
15 

48 
39 


Chlorids,  limed;  i  soda,  i  potash. . . 
Chlorids,  limed;  1  soda,  i  potash. . . 

Carbonates,  limed;  i  soda,  i  potash 
Carbonates,  limed;  1  soda,  }  potash 


343 
483 

373 

483 


0.78 
0.74 

0.70 
0.68 


0.39 
0.32 

0.41 
0.35 


It  will  be  seen  that  in  the  case  of  the  carrot  the  percentages  of 
lime  and  magnesia  were  lessened  in  every  instance  where  the  quarter 
ration  of  each  salt  was  further  supplemerted  by  a  three-quarter 
ration  of  sodium  salt,  even  notwithstanding  the  greater  yields. 

No  ground  for  benefit  to  the  crop  by  virtue  of  a  liberation  of  lime 
and  magnesia  is  afforded  by  the  results,  nor  does  it  seem  probable 
that  the  relatively  smaller  percentage  of  magnesia  could  have  been 
responsible  for  the  increased  yields. 

The  following  results  were  secured  with  chicory: 

Chicory,  Roots,  1899. 


24 
15 

48 
39 


Special  Manures  Applied. 


Per  oent.  in  dry 
matter. 


•1 

r 


Chlorids,  limed;  }  soda,  J  potash. . . 
Chlorids,  limed;  1  soda,  i  potash. . . 

Carbonates,  limed;  J  soda,  J  potash 
Carbonates,  limed;  1  soda,  i  potash 


200 
189 

234 
205 


0.22 
0.24 

0.25 
0.26 


0.25 
0.25 

0.32 
0.32 
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It  will  be  at  once  observed  that  the  yields  were  lower  m  both  cases 
where  the  additional  amount  of  sodium  salt  was  used,  the  percentages 
of  magnesium  oxid  were  identical,  and  those  of  calcium  oxid  showed 
no  significant  differences. 

The  following  results  were  obtained  with  the  white  Strasbxirg 
radish,  which  was  grown  in  the  year  1901 : 

Radish,  White  Strasburg,  Roots,  1901. 


Spedal  Manures  Applied. 

P 

Per  cent,  in  dry 
matter. 

1 

1 

|i 

1 

v 

Chlorids.  limed :  0  8od&.  1  Dotash 

248 
261 
243 

288 
291 
279 

228 
252 
243 

234 
216 

1.10 
1.13 
1.00 

0.96 
0.95 
0.84 

1.08 
0.86 
0.89 

1.13 
0.90 

0  64 

TX) 

Chloridfl,  limed;  J  soda,  1  potash 

0  66 

19 

Chlorids,  limed;  f  soda,  1  potash 

0  53 

34 

Carbonates,  unlimed;  0  soda,  1  potash 

0  57 

3? 

Carbonates,  unlimed;  J  soda,  1  potash 

0  59 

31 

Carbonates,  imlimed;  f  soda,  1  potash 

0.50 

46 

Carbonates,  limed;  0  soda,  1  potash 

0.58 

44 

Carbonates,  limed:  ^  soda.  1  Dotash 

0  51 

43 

Carbonates,  limed :  f  soda.  1  Dotash 

0  57 

1? 

Chlorids,  milimed;  J  soda,  J  potash 

0  65 

3 

Chlorids,  \mlimed;  1  soda,  J  potash 

0.53 

When  a  sodium  salt  was  employed  in  addition  to  a  full  ration  of 

potassium  salt  there  was  no  positive  evidence  of  an  increase  in  yield 

due  to  this  fact,  excepting  possibly  where  only  an  extra  half  ration 

of  sodium  salt  was  added.    In  the  single  comparison  of  a  quarter 

ration  each  of  the  potassium  and  of  the  sodium  salt  with  the  same 

supplemented  by  a  three-quarter  ration  of  sodium  salt,  the  jdeld  was 

less  when  the  amount  of  the  latter  salt  was  increased. 

There  was  some  slight  evidence  of  a  tendency  of  the  sodium  salts 
It 
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to  lower  the  percentages  of  magnesium  oxid,  and  still  stronger  evi- 
dence of  a  lowering  of  the  percentages  of  calcium  oxid. 

The  following  results  were  obtained  with  chicory  roots  grown  in 
1901: 

Chicory,  Roots,  1901. 


Special  Maauras  AppHed. 

It 

Per  oent.  in  dry 
matter. 

i 
1 

ft  l 

22 

Chloridfl.  iiplimed:  0  ^wda,  1  pntaah 

243 
243 
243 

162 
180 
194 

194 
225 

131 
117 

* 
* 

0.24  i      ft  17 

20 

Chlorids,  unlimed;  J  soda,  1  |x>tash 

0.24 
0.24 

0.23 
0.24 
0.24 

0.22 

0.17 

19 

Chlorids,  unlimed;  i  soda,  1  potash 

0.16 

34 

CarbonatfA.  unlimed:  0  9oda.  I  potaAh 

0.17 

32 

Carbonatftfl.  imlimedt  ^  soda.  1  notaah 

0.15 

31 

Carbonatftfl.  unlimed:  ^  sodfti  1  potash. , . .  ,  - 

0.16 

24 

Chlorids.  limed :  i  soda,  i  Dotash 

ft  24 

15 

Chloride,  limed :  1  anda.  4  potAAh ,  . 

0.23  !       ft  24 

48 

Carbonates,  limed;  J  soda,  J  ix>tash 

0.21 
0  24 

0.26 

39 

Carbonates  limed :  1  soda.  1  Dotash 

n  97 

48 

Chicory,  Tops,  1901. 
Carbonates,  limed :  i  soda,  i  potash 

i 

1 
2.71         1.81 

39 

Carbonates,  limed ;  1  soda,  J  potash 

2.22         1-11 

♦Weight  not  determined. 

The  addition  of  a  sodium  salt  to  a  full  ration  of  potassium  salt  was 
accompanied  by  an  apparent  gain  in  the  crop  of  chicory  roots  in  but 
one  of  the  two  series.  No  depression  of  the  calcium  oxid  in  the  plant, 
and  only  suggestions  of  a  possible  depression  of  the  magnesium  oxid, 
followed  the  introduction  of  the  sodium  salt  in  the  manures. 

The  addition  to  a  quarter  ration  of  each  salt  of  an  extra  three- 


Digitized  by  VjOOQIC 


Functions  of  Sodium  Salts. 


229 


quarter  ration  of  the  sodium  salt  resulted  in  a  greater  yield  in  one 
case  and  in  a  smaller  yield  in  the  other  case. 

No  marked  influence  of  the  sodium  salt  upon  the  percentages  of 
calcium  oxid  and  of  magnesium  oxid  seemed  to  have  resulted. 

In  the  case  of  the  chicory  tope  the  percentages  of  both  magnesium 
and  calcium  oxids  were  decidedly  and  unquestionably  lessened  as  a 
consequence  of  increasing  the  application  of  sodium  salt,  and  the 
ratio  of  magnesia  to  lime  in  the  tops  was  changed  from  1 : 1.5  to  1 : 2. 
Whether  this  change  in  the  ratio  affected  the  growth  favorably  or 
unfavorably  remains  to  be  determined. 

Below  are  given  the  results  secured  with  the  carrot  crop,  which 
was  grown  in  the  year  1901 : 

Carrot,  Roots,  1901. 


SpMial  Maauiw  AppliMl. 

ji 

Ftoroent  in  dry 
matter. 

i 

1^ 

ji 

?A 

Chloride,  liiped:  i  «nd^  1  p^tiwh 

315 
313 

315 
306 

* 
* 

0.50 
0.51 

0.50 
0.51 

1.87 
1.54 

0.32 

15 

Chloridfl,  limed;  1  soda,  J  potash 

0.27 

48 
39 

GarbonateSi  limed;  }  soda,  i  potash 

0.30 
0  35 

48 

Carrot,  Tops,  1901. 
Carbonates,  lim^ ;  \  soda,  \  potash  ,    .    

0.96 

39 

0  89 

•Notwdi^bed. 

No  gain  in  carrot  roots  resulted  when  a  three-quarter  ration  of 
sodium  salt  was  added  to  a  quarter  ration  of  each. 

The  contradictory  and  trifling  differences  in  the  percentages  of 
magnesium  oxid  and  calcium  oxid  are  such  that  no  definite  relation- 
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ship  between  them  and  the  amount  of  sodium  salt  in  the  manures 
can  be  established. 

In  the  case  of  the  tops,  just  as  with  the  chicory  tops,  the  em- 
ployment of  a  larger  amount  of  the  sodium  salt  was  followed  by  a 
depression  of  the  percentages  of  calcium  and  magnesium  oxids. 
The  ratio  of  magnesia  to  lime  was  changed  but  about  .2  in  this  in- 
stance, and  in  a  direction  opposite  to  that  of  the  change  in  the  case 
of  the  chicory  tops. 

The  results  in  connection  with  the  white  Strasburg  radish,  raised 
in  the  year  1905,  are  given  below: 

Radish,  White  Strasburg,  Roots,  1905. 


Bpedal  Maauras  Applied. 

Per  oent.  in  dry 
matter. 

1 

|i 

i 

1? 

Chloridfi.  limed  once :  \  soda.  \  Dotash 

398 
456 

324 
438 

372 
400 

375 
398 

557 
550 

498 
547 

553 
.556 

1.69 
1.42 

1.87 
1.59 

1.66 
1.58 

1.67 
1.52 

1.31 
1.21 

1.53 
1.34 

1.08 
1.20 

0  79 

3 
24 

Ghlorids,  limed  once;  1  soda,  \  potash 

Ghlorids.  limed  thrice:  \  soda.  \  Dotash 

0.69 
0.83 

15 

Chlorids.  limed  thrice:  1  soda.  \  Dotash 

0.78 

36 

Oafhonatc^.  limed  once:  \  sod?-.  \  pot^ith 

0.80 

?7 

Carbonates,  limed  once;  1  soda,  J  potash 

0.78 

48 
39 

11 

Carbonates,  limed  thrice;  J  soda,  J  potash 

Carbonates,  limed  thrice;  1  soda,  J  potash 

Chlorids.  limed  once :  1^  soda.  1^  Dotash 

0.80 
0.76 

0.71 

1 

Chloridff,  limed  once;  1  soda,  }  potash » .    

0.44 

?3 

Chlorids,  limed  thrice;  f  soda,  f  potash 

0.59 

13 

Chlorids.  limed  thrice :  1  soda.  !•  Dotash . . 

0.66 

35 

Carbonates,  limed  once:  ^  soda.  ^  Dotash 

0.70 

?5 

Carbonates,  limed  once:  1  soda.  ^  Dotash 

0.64 
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Special  Manures  Applied. 

Per  cent,  in  dry 
matter. 

& 

1 

li 

K 

47 
37 

10 

Carbonates,  limed  thrice;  f  soda,  f  potash 

Carbonates,  limed  thrice;  1  soda,  i  potash 

Chlorids.  limed  once:  0  soda.  1  notash 

614 
565 

522 
542 
574 

522 
653 

548 
555 

508 
532 

1.32 
1.37 

1.12 
1.18 
1.00 

1.28 
1.52 

1.03 
1.23 

1.30 
1.24 

0.65 
0.69 

0.83 

8 

Chlorids,  limed  once;  J  soda,  1  potash 

0.58 

5 

Chlorids  limed  once:  1  soda.  1  Dotash 

0  76 

?? 

Chlorids.  limed  thrice:  0  soda.  1  Dotash 

0  95 

?0 

Chlorids.  limed  thrice:  h  soda.  1  Dotash 

0.73 

34 

Carbonates,  limed  once:  0  soda.  1  Dotash 

0.85 

3? 

Carbonates,  limed  once:  i  soda.  1  Dotash 

0.62 

46 
41 

Carbonates,  limed  thrice;  0  soda,  1  potash 

Carbonates,  timed  thrice;  1  soda,  1  potash 

0.85 
0.79 

In  all  four  instances  where  a  quarter  ration  each  of  the  two  salts 
was  supplemented  by  a  three-quarter  ration  of  sodium  salt  unmis- 
takable gains  in  the  crops  fesulted  and  the  percentages  of  both  cal- 
cium and  magnesium  oxids  were  lessened  in  all  four  cases  in  con- 
sequence of  its  addition,  but  the  ratios  between  the  two  remained 
practically  unchanged. 

Where  a  three-quarter  ration  each  of  the  two  salts  was  supplemented 
by  an  additional  quarter  ration  of  sodium  salt  no  positive  advantage 
resulted.  The  yields  were  greater  in  three  of  the  four  cases,  though 
in  one  of  these  cases  the  diflference  was  wholly  insignificant.  The 
percentages  of  magnesium  oxid  in  the  plants  were  lessened  by  the 
soda  in  three  of  the  four  cases,  but  the  same  was  true  of  the  calcium 
oxid  in  only  two  of  the  cases. 

Where  a  full  ration  of  potassium  salt  was  supplemented  by  a  half 
ration  of  sodium  salt  the  yields  were  a  little  greater  in  every  one  of 


Digitized  by  VjOOQIC 


232 


R.  I.  Agl.  Expt.  Sta.  Rep.,  1906. 


the  three  cases.  The  percentage  of  calcium  oxid  was  increased  in 
each  of  the  three  instances,  but  the  per  cent,  of  magnesium  oxid  was 
decreased  in  every  case. 

This  lessening  of  the  magnesia  in  its  relation  to  the  lime  is  of  special 
interest  in  view  of  the  increased  crop  and  in  view  of  the  injury  to 
the  crop  in  every  case  by  extra  liming.  The  magnesia-lime  relation- 
ship idea  of  Loew  would  seem  to  fail  in  this  case  to  explain  the  benefit 
from  the  soda,  particularly  in  view  of  the  fact  that  liming  increased 
the  percentage  of  calcium  oxid  in  the  crop. 

The  results  secured  with  the  English,  or  flat,  turnip,  which  was 
grown  in  the  year  1905,  are  given  below: 

Turnip,  Flat,  Roots,  1905. 


SpMial  MaauTM  Applied. 

1 

F»  cent,  in  dry 
matter. 

i 
1 

p 

|i 

1? 

Chlorids.  limed  onoe:  i  soda,  i  Dotaah 

240 
373 

192 
294 

227 
269 

246 
372 

390 
402 

340 
377 

311 
385 

0.99 
0.87 

1.17 
0.99 

1.04 
0.90 

1.15 
0.89 

0.83 
0.80 

1.00 
0.93 

1.00 
0.87 

0  40 

3 

Chlorids,  limed  onoe;  1  soda,  }  potash 

0  31 

?A 

Ohionds.  limwl  thri<M^:  4  soda.  \  potash. . .  .*, 

0  38 

1/> 

Chlorids,  limed  thrice;  1  soda,  }  potash 

0  37 

36 

Carbnn^tw,  limed  once;  J  soda,  J  potashx     

0  40 

9,7 

Carbonates,  limed  once;  1  soda,  }  potash 

0  38 

48 
39 

6 

Carbonates,  limed  thrice;  i  soda,  J  potash 

Carbonates,  limed  thrice;  1  soda,  J  potash 

Chlorids.  limed  oncei  h  soda.  ^  Dotash 

0.41 
0.39 

0  37 

? 

Chlorids,  limed  once;  1  soda,  ^  potash 

0  36 

18 

Chlorids,  limed  thrice;  i  soda,  J  potash 

0    35 

14 

Chlorids,  limed  thrice;  1  soda,  J  potash 

0    36 

30 

Carbonates,  limed  once;  }  soda,  J  potash 

Carbonates,  limed  once;  1  soda,  )  potash 

0.36 
0  36 
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Special  Manures  Applied. 

Per  cent,  in  dry 
matter. 

1 

1 

3' 

''f 

23 

ChloridB.  limed  thrice:  4  soda,  f  Dotash 

376 
371 

404 
392 

369 
392 
382 

414 
420 
358 

384 
399 
394 

1.02 
0.90 

0.88 
0.92 

0.98 
1.03 
0.91 

0.78 
0.81 
0.90 

0.88 
0.89 
0.74 

0  33 

13 

Chloride,  limed  thrice:  1  soda,  i  Dotash 

0  38 

47 
37 

Carbonates,  limed  thrice;  i  soda,  f  potash 

Carbonates,  limed  thrice;  1  soda,  f  potash 

Chloride,  limed  once:  0  soda.  1  DOtash 

0.37 
0.38 

0  50 

?0 

Chloride,  limed  once :  h  soda.  1  Dotash 

0  41 

17 

Chlorids.  limed  once:  1  soda.  1  Dotash 

0  36 

34 

Carbonates,  limed  once;  0  soda,  1  potash 

0  46 

3?! 

Carbonates,  limed  once;  J  soda,  1  potash 

0  34 

W 

Carbonates,  limed  once;  1  soda,  1  potash 

0  35 

46 
44 
41 

Carbonates,  limed  thrice;  0  soda,  1  potash 

Carbonates,  limed  thrice;  J  soda,  1  potash 

Carbonates,  limed  thrice;  1  soda,  1  potash 

0.42 
0.41 
0.46 

When  the  quarter  ration  of  each  salt  was  supplemented  by  an 
additional  three-quarter  ration  of  the  sodium  salt,  the  yields  were 
considerably  greater  in  all  four  cases.  The  percentages  of  calcium 
and  magnesium  oxids,  on  the  contrary,  were  lessened  in  each  instance. 
In  three  cas^  the  ratio  between  lime  and  magnesia  was  materially 
changed  and  in  the  other  case  not;  hence  the  gain  in  all  cases  can  not 
be  attributable  to  this  fact. 

In  the  cases  given  where  a  half  ration  each  of  the  two  salts  was 
supplemented  by  an  application  of  a  half  ration  of  sodium  salt  the 
yields  were  only  moderately  increased,  and  in  one  case  only  was  the 
ratio  of  magnesia  to  lime  practically  reduced.  The  absolute  per- 
centages of  magnesium  oxid  were  not  positively  affected,  but  in  all 
three  instances  the  percentages  of  calcium  oxid  were  depressed  by 
the  extra  sodium  salt. 
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A  three-quarter  ration  each  of  the  sodium  and  potassium  salts 
seemed  to  be  sufficient  to  nullify  the  good  effects  of  further  amounts 
of  sodium  salts,  for  in  both  instances  where  an  additional  quarter 
ration  of  the  sodium  salt  was  applied  the  3rields  were  slightly  less 
than  without  it.  When  the  additional  sodium  salt  was  used  the 
percentages  of  magnesium  oxid  in  the  dry  matter  were  in  both  cases 
slightly  increased.  The  same  was  true  of  the  calcium  oxid  in  but 
one  case,  while  in  the  other  instance  the  reverse  was  true. 

The  supplementing  of  a  full  ration  of  potassium  salt  with  a  half 
ration  of  sodium  salt  was  accompanied  in  all  three  cases  by  slightly 
greater  3rields,  but  the  addition  of  a  full  ration  of  sodium  salt  was 
not  always  accompanied  by  an  increase  of  crop.  Many  of  these 
differences  were,  however,  too  small  to  have  much  significance. 
The  percentages  of  calcium  and  magnesium  oxid  exhibit  much  ir- 
regularity and  do  not  show  the  same  positive  depressing  effect  of  the 
sodium  salt  which  was  observed  when  only  quarter  or  half  rations 
of  each  salt  were  employed. 

In  conclusion  it  may  he  said  that  the  foregoing  results  fail  to  give 
evidence  that  the  sodium  satis  were  probably  beneficial  by  virtue  of  their 
setting  free  additional  amounts  of  either  calcium  or  magnesium  oxids, 
and  it  seems  also  improbable  that  the  benefit  observed  could  have  been 
due  to  changes  in  the  relative  amounts  of  lime  and  magnesia  taken  up 
by  the  plants. 

Data  Concerning  the  Influence  of  Sodium  and  Potassium 

Salts  upon  the  Growth  of  Certain  Plants  and  upon 

THE   Percentages  of  Sodium  and   Potassium 

OxiDS  IN  THE  Dry  Matter. 

The  results  about  to  be  described  were  obtained  upon  the  same 
plats  of  land  as  those  which  have  been  mentioned  previously,  hence 
further  attention  here  to  the  scheme  of  manuring,  excepting  in  so 
far  as  it  concerns  the  respective  potassium  and  sodium  salts,  is  un- 
necessary. 
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The  foUowing  results  were  obtained  in  the  year  1898 : 
Millet,  Golden,  1898. 


Special  liuiurM  Applied. 

ji 

Per  cent,  in  dry 
matter. 

i 
1 

|i 

1. 

36 

Oarbonatefl.  unlimed :  ^  Bodft,  \  Dotnflh . .  t 

132 
102 

142 
155 

0.14 
0.17 

0.05 
0.07 

1  09 

?7 

Carbon Atefl.  un limed:  1  Bodft.  \  votMih ,  r 

0  97 

48 

Carbonates,  limed :  i  soda,  i  Dotash 

1  16 

39 

Carbonateff .  limed :  1  soda.  ^  Potash r 

1  09 

In  the  case  of  the  millet  the  3rield  was  in  one  instance  greater  and 
in  the  other  less  where  the  extra  amount  of  sodium  salt  was  added. 

In  each  instance  the  percentage  of  sodium  oxid  was  increased  and 
that  of  potassium  oxid  lessened  when  the  extra  three-quarter  ration 
of  the  sodium  salt  was  employed.  The  lack  of  positive  e\ddence  of 
benefit  to  the  yield  from  the  employment  of  an  additional  amount 
of  sodium  salt  and  the  small  quantities  of  sodium  oxid  found  in  the 
millet  in  any  case  furnish  a  striking  contrast  to  the  results  secured 
with  certain  other  varieties  of  plants. 

Below  are  given  the  data  secured  with  the  white  Strasburg  radish 
inl899: 


18 
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Radish,  White  Strasburg,  Roots,  1899. 


Special  lUnurM  AppUed. 

1 

Per  cent,  in  dry 
matter. 

i 

|i 

h 

12 

nVilnriHfl-  imliiTtAH :  \  flnrln..  \  nntfiflh 

547 
709 

432 
685 

547 
722 

432 
540 

797 
834 

662 
766 

776 
817 

621 
662 

3.83 
6.38 

4.03 
6.01 

3.56 
6.57 

3.69 
6.50 

3.67 
4.14 

3.62 
5.12 

3.60 
4.50 

4.07 
5.72 

3  69 

3 

fJhloriHR-  iinliniMi^  1  soda.  \^  POtflflb 

3  76 

24 

Chlorids.  limed :  \  soda.  ^  Dotash 

3  62 

15 

Chloridfi.  limed:  1  soda.  \  Dotash 

2  85 

36 

Carbonates,  iinlimed :  4  soda.  4  potaah 

3  05 

27 

Carbonat4^.  unlimedi  1  soda.  \  DotaAb 

2  90 

48 

Carbonates,  limed :  \  soda,  i  Dotash 

3.61 

39 

Carbonates,  limed;  1  soda,  J  potasb 

2  81 

6 

Chlorids,  imlimed;  }  soda,  J  potash 

6.12 

? 

Chlorids,  uniimed;  1  soda,  J  potash 

6.72 

18 

Chlorids,  limed;  J  soda,  J  potash 

5.54 

14 

Chlorids,  limed;  1  soda,  }  potash 

5  19 

30 

CArbftTifttefl.  imlimed!  X  soda.  X  POtash,. ,,,,.. 

5  59 

?6 

Carbonates,  uniimed ;  1  soda,  J  potash 

4.98 

4? 

Carbonates,  limed;  J  soda,  J  potash 

5.48 

38 

Carbonates,  limed:  1  soda.  ^  Dotash 

5  27 

It  will  be  observed  that  the  yields  were  increased  162,  253,  176, 
and  108  pounds  where  the  quarter  rations  of  the  two  salts  were 
supplemented  by  a  three-quarter  ration  of  sodium  salt.  Expressed 
in  another  way,  the  gains  amounted  to  30,  69,  32,  and  22  per  cent. 

It  will  be  seen  that  in  all  four  instances  the  percentages  of  sodium 
oxid  in  the  plant  were  greatly  increased  where  the  extra  application 
of  the  sodium  salt  had  been  made.  In  three  of  the  four  instances 
a  depression  of  the  percentage  of  potassium  oxid  was  also  observed. 
In  the  case  of  the  crops  from  plats  Nos.  15  and  24  the  percentage 
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of  potassium  oxid  in  one  instance  was  3.62,  but  where  an  extra  appli- 
cation of  a  three-quarter  ration  of  sodium  salt  was  made  the  per  cent, 
of  potassium  oxid  was  but  2.85.  In  the  case  of  the  crops  from  plats 
39  and  48  the  percentage  of  potassium  oxid  was  depressed  from  3.61 
to  2.81.  In  both  of  these  cases  of  marked  depression  of  the  potash, 
the  land  had  been  limed. 

Where  a  half  ration  of  sodium  salt  was  added  to  a  half  ration  each 
of  potassium  and  sodium  salts,  the  yields  were  greater  in  all  four 
instances.  In  every  instance  where  the  extra  sodium  salt  was  em- 
ployed the  per  cent,  of  sodium  oxid  in  the  crop  was  very  decidedly 
increased.  At  the  same  time  the  per  cent,  of  potassium  oxid  was 
depressed  in  three  of  the  four  cases.  In  other  words,  very  much 
larger  crops  were  produced  in  all  but  two  of  the  cases  with  the  smaller 
percentages  of  potassium  oxid  in  the  crop.  It  appears,  therefore, 
that  the  larger  percentages  of  potassium  oxid  which  were  met  with 
in  the  crop  were  therefore  not  Jiecessary  to  its  production,  at  least 
provided  a  liberal  supply  of  sodium  was  present  in  the  manures.  The 
question  therefore  arises  why  the  larger  amount  of  potassium  act- 
ually in  the  crop  was  not  utilized  to  advantage  when  the  extra 
sodium  salt  was  not  employed.  Furthermore,  the  fact  that  larger 
crops  resulted  and  that  a  more  effective  use  was  made  of  the  potas- 
sium supply  when  the  quantity  of  sodium  salt  in  the  manures  was 
increased  is  certainly  a  very  suggestive  feature. 

When  these  results  are  considered  in  connection  with  the  yields 
where  larger  amounts, of  potassium  salts  were  used,*  it  will  be  seen 
that  the  advantage  of  employing  the  sodium  salt  seemed  to  become 
less  as  the  potassium  salt  in  the  manures  was  increased.  The  fact 
that  on  account  of  the  greater  yields  larger  total  amounts  of  potas- 
sium oxid  were  usually  removed  per  acre  where  the  extra  sodium 
salt  was  employed  in  no  way  lessens  the  evidence  that  the  sodium 
salt  had  probably  proved  highly  beneficial  in  some  other  way  than 
as  an  agent  in  liberating  potassium. 

The  results  with  the  English  or  flat,  turnip  in  1899  now  follow: 

*  BuL  104  R.  I.  Agl.  Expt.  Station  (1905)  p.  77. 
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Turnip,  Flat,  Roots,  1899. 


Spedal  Kanuras  Applied. 


Ttt  oent.indry 


I 


24 
16 


27 


Chlorids,  limed;  i  soda,  i  potash 

Chlorids,  limed;  1  soda,  }  potash 

Carbonates,*  imlimed;  i  soda,  }  potash 
Carbonates,  imlimed;  1  soda,  i  potash 


214 
293 

149 
212 


2.37 
5.05 

2.88 
2.31 


2.88 
2.13 

2.54 
3.21 


The  addition  of  a  three-quarter  ration  of  sodium  salt  to  the  quarter 
ration  of  the  two  salts  resulted  in  gains  of  37  and  42  per  cent,  in 
turnip  roots.  In  the  case  of  plats  Nos.  24  and  15  the  percentage  of 
sodium  oxid  in  the  plant  was  increased  and  of  the  potassium  oxid 
decreased  in  consequence  of  the  addition  of  the  extra  sodium  salt. 
The  case  of  plats  Nos.  27  and  36  shows  exactly  the  reverse.  These 
results,  particularly  as  concerns  the  sodium  oxid,  are  so  unusual  as 
to  arouse  a  suspicion  that  there  may  have  been  an  interchange  of 
the  samples  from  the  two  plats.  It  may,  nevertheless,  be  attributa- 
ble to  some  obscure  cause.  A  similar  observation  will  be  referred 
to  later  in  connection  with  the  same  crop  in  1905  (plats  Nos.  39  and 
48). 

Below  are  given  results  secured  with  the  mangel-wurzel  (Norbiton 
giant  beet),  in  1899: 
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Special  liaanras  Applied. 


h 


Per  oent.  in  drj 


i 


24.  ChloridB,  limed;  i  soda,  i  potash.. 
151  Chloridfl,  limed;  1  soda,  }  potash. . 


481  Carbonates,  limed;  i  soda,  i  potash. 
391  Carbonates,  limed;  1  soda,  i  potash. 


421 
682 

299 
601 


2.65 
4.63 

2.92 
5.10 


1.24 
0.84 

1.10 
0.81 


The  employment  of  an  extra  three-quarter  ration  of  sodium  salt 
to  supplement  the  quarter  rations  of  the  two  salts  resulted  in  a  gain 
in  the  yield  of  beets  amounting  .to  62  per  cent,  in  one  case  and  to  over 
100  per  cent,  in  the  other  case.  The  results  agree  with  those  obtained 
with  the  radish  in  showing  a  greatly,  increased  percentage  of  sodium 
oxid  and  a  decreased  percentage  of  potassium  oxid  as  a  result  of  the 
use  of  the  extra  sodium  salt. 

In  view  of  the  fact  that,  with  percentages  of  .81  and  .84  of  potas- 
sium oxid,  crops  amounting  to  601  and  682  pounds  were  produced, 
it  is  rather  surprising  that  where  higher  percentages  of  potassium 
oxid  were  present  the  crops  should  have  been  so  much  smaller,  un- 
less some  special  phyBiological  function  is  ascribed  to  the  sodium  salt. 
This  view  of  the  matter  is  still  further  reinforced  by  the  results  in 
connection  with  the  radish.  Furthermore,  in  two  cases  with  the 
radish,  increased  yields  and  percentages  of  potassium  oxid  accom- 
panied the  use  of  sodium  salts.  It  would  appear,  therefore,  that  the 
claim  can  not  be  logically  made  in  this  case  that  the  amounts  of 
potassium  oxid  which  equalled  1.10  and  1.24  per  cent,  were  sufficient 
to,  or  probably  did,  inhibit  growth.  It  is,  of  course,  recognized  that 
the  sodium  salt  may  have  affected  beneficially  the  moisture  con- 
ditions of  the  soil,  the  osmotic  pressure  of  the  soil  solution,  or  other 
physical  or  biological  soil  factors,  yet  the  influence  upon  these  would 
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hardly  seem  to  be  sufficient  to  explain  the  increased  3rield8.  It  will 
be  borne  in  mind  that  it  has  already  been  shown  in  another  con- 
nection that  the  sodium  salt  is  a  powerful  factor  in  aidmg  the  trans- 
portation of  phosphorus  into  the  plant,  but  at  the  same  time  it  was 
shown  that  the  extra  phosphorus  was  apparently  an  accompaniment 
of  the  increased  crops  rather  than  a  cause  of  the  increase. 

Below  are  given  results  with  the  carrot  obtained  in  connection 
with  the  crop  of  1899: 

Carrot,  Roots,  1899. 


24 
15 

48 
39 


Special  lUnures  Applied. 


ii 


Per  cent,  in  dry 
matter. 


u 


H 


Chlorids,  limed;  \  soda,  \  potash. . . 
Chlorids,  limed;  1  soda,  \  potash. . . 

Carbonates,  limed;  }  soda,  \  potash 
Carbonates,  limed;  1  soda,  }  potash 


343 
483 

373 
483 


3.00 
3.77 

2.89 
3.88 


2.09 
2.11 

2.36 
1.30 


It  will  be  observed  that  greatly  increased  yields,  higher  percentages 
of  sodium  oxid,  and  in  one  of  the  cases  a  much  lower  percentage 
of  potassium  oxid  in  the  crop  resulted  when  an  extra  amount  of 
sodium  salt  was  applied  in  the  manures. 

The  results  with  chicory,  which  was  grown  in  the  same  year,  were 
as  follows : 
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Spedal  Manuree  Applied. 


1 


Per  cent,  in  dry 
matter. 


li 


II 


24 
15 

48 
39 


Chlorids,  limed;  i  soda,  }  potash.. . 
Chlorids,  limed;  1  soda,  ^  potash.. . 

Carbonates,  limed;  i  soda,  i  potash 
Carbonates,  limed;  1  soda,  i  potash 


200 
189 

234 
205 


0.80 
1.01 

0.81 
1.04 


0.48 
0.62 

0.45 
0.37 


I 


It  will  be  observed  that  the  yields  of  chicory  stand  in  marked  con- 
trast to  those  of  the  beet,  turnip,  radish,  and  carrot,  for  there  was  a 
smaller  crop  of  chicory  roots  in  each  case  when  an  extra  three- 
quarter  ration  of  the  sodium  salt  was  added.  Another  feature 
observed  in  but  one  or  two  cases  previously,  with  other  crops,  was 
the  greater  percentage  of  potassium  oxid  in  one  of  the  crops  where  the 
extra  amount  of  sodium  salt  was  employed.  It  will  be  observed 
that  the  per  cent,  of  sodium  oxid  was  increased  in  each  instance 
where  the  extra  sodium  salt  was  used. 

These  results  seem  to  indicate  that  sodium  is  a  less  important 
factor  in  connection  with  chicory  than  with  many  other  of  the  root 
crops.  The  percentages  of  potassium  oxid  and  of  sodium  oxid  in 
the  roots  were  much  less  than  in  the  case  of  the  radish  and  turnip. 

Results  with  Various  Crops  Grown  in  1901. 

The  season  of  1901  was  quite  different  from  that  of  1899;  in  the 
former  year  the  rainfall  of  the  month  of  April  amounted  to  2.63 
inches,  that  of  May  to  1.88  inches,  that  of  June  to  1.87  inches,  and 
that  of  July  to  2.71  inches,  making  a  total  of  9.09  inches. 

In  1901  the  rainfall  for  the  corresponding  months  amounted  to 
8.78,  6.98,  1.32  and  4.05  inches,  making  a  total  of  21.13  inches  for 
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the  four  months.  Attention  is  also  called  to  the  fact  that  the  appli- 
cation of  acid  phosphate  was  increased  in  1901  from  600  pounds  to 
1,296  pounds  per  acre.  The  application  of  magnesium  sulfate  was 
also  increased  from  420  to  600  pounds  per  acre.  In  1899  the  appli- 
cation of  carbonate  of  potash,  upon  which  all  of  the  other  applica- 
tions of  potassium  and  sodium  salts  were  based,  amounted  to  300 
pounds  per  acre.  In  1900  the  amount  was  reduced  to  240  pounds, 
and  in  1901  it  was  further  reduced  to  210  pounds  per  acre. 

Below  are  given  the  results  so  far  as  concerns  yields  and  the  per- 
centages of  potassium  oxid  and  sodium  oxid  in  the  dry  matter  ob- 
tained in  connection  with  certain  of  the  crops  grown  in  1901  : 

Radish,  White  Strasburg,  Roots,  1901. 


22 
20 
19 


Speoial  Manurat  Applied. 


Chlorids,  limed;  0  soda,  1  potash. 
Chlorids,  limed;  )  soda,  1  potash. 
Chlorids,  limed;  J  soda,  1  potash. 


34 1  Carbonates,  unlimed;  0  soda,  1  potash 
32|  Carbonsttes,  unlimed;  )  soda,  1  potash 
31    Carbonates,  unlimed;  }  soda,  1  potash 


46  Carbonates,  limed;  0  soda,  1  potash 
44'  Carbonates,  limed;  i  soda,  1  potash 
43    Carbonates,  limed;  J  soda,  1  potash 


Chlorids,  unlimed;  }  soda,  }  potash 
Chlorids,  imlimed;  1  soda,  }  potash 


In  the  limed  series  receiving  chlorids  and  in  the  unlimed  series 
receiving  carbonates  no  positive  e\ddence  is  afforded  of  benefit  to 
the  yield  from  adding  a  sodium  salt  to  the  full  ration  of  potassium 
salt.     If  the  results  in  the  limed  series  receiving  carbonates  were 
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considered  by  themselves  it  might  be  concluded  that  the  added 
sodium  salt  had  been  beneficial  in  the  presence  of ^ the  full  pation  of 
potassium  salt,  but  in  view  of  the  results  which  have  just  been  cited 
it  seems  more  probable  that  the  differences  in  this  latter  case  were 
merely  incidental  and  due  to  an  abnonnally  low  yield  on  plat  No. 
46. 

In  two  of  the  three  series  where  the  full  ration  of  potassium  salt 
was  supplemented  by  additional  amoimts  of  sodium  salt  there  seems 
to  be  no  escape  from  the  conclusion  that  the  percentage  of  sodium 
oxid  in  the  crop  was  increased.  In  the  third  of  the  series  the  evi- 
dence is  inconclusive,  because  the  percentage  of  sodium  oxid  in  the 
plants  from  plat  No.  22  appears  for  some  reason  to  be  unusually 
large.  Taken  as  a  whole,  the  results  in  the  three  series  go  to  show 
that  in  this  particular  case  the  emplojonent  of  the  sodium  salt  failed 
to  conserve  the  potassium  supply  of  the  soil  and  manures,  but  that 
rather  larger  amounts  of  potassium  oxid  were  removed  from  the  soil 
where  the  sodium  salt  had  been  added. 

In  striking  contrast  to  the  result  with  the  radish  in  1899  it  will 
be  seen  that  the  yield  produced  by  employing  a  quarter  ration  each 
of  the  potassium  and  sodium  salt  (plat  No.  12)  was  not  increased 
when  an  additional  application  of  a  three-quarter  ration  of  sodium 
salt  was  made  (plat  No.  3).  The  results  agree,  however,  with  those 
of  1899  in  showing  an  increased  percentage  of  sodium  oxid  in  the 
crop  where  a  greater  amount  of  sodium  salt  was  added  to  the  soil; 
yet  they  are  quite  the  opposite  of  those  of  1899  in  showing  that 
more  potassium  oxid  was  present  in  the  dry  matter  of  the  crop  in 
the  case  where  the  additional  sodium  salt  was  employed. 

In  how  far  these  striking  contrasts  with  the  results  of  the  year  1899 
are  due  to  the  smaller  size  of  the  radishes,  to  the  increase  in  the 
amounts  of  phosphate  and  of  magnesium  sulfate  employed,  and  in 
what  measure  they  were  determined  by  the  greater  rainfall  remains 
to  be  positively  ascertained.  It  is  probably  true  that  the  heavy 
rainfall  of  1901  and  the  accompanying  lack  of  clear  weather  explain 
the  smaller  size  of   the  radish  roots  most  satisfactorily,  and  the 

14 
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heavy  rainfall  was  also  most  favorable  to  a  chemical  action  of  the 
sodium  salt  upon  the  potassic  compounds  of  the  soil  by  which  the 
potassium  could  be  rendered  available  to  the  plant.  Perhaps  this 
latter  action  alone  explains  the  apparent  failure  of  the  sodium  salt 
to  act  as  a  conserver  of  potassium  because  of  more  potassium  com- 
pounds being  rendered  available  and  more  of  the  sodium,  in  conse- 
quence of  the  chemical  transformations,  passing  into  less  readily 
soluble  combinations.  It  is  also  possible  that  the  stage  of  g^o\^'th 
of  the  plant  played  some  part,  though  at  present  this  does  not  seem 
to  have  been  so  important  a  factor  in  affecting  the  results  as  the  un- 
usual amount  of  rainfall. 

Below  are  given  the  results  secured  with  chicorj': 

Chicory  J  Roots,  1901. 


Special  Manures  Applied. 

o  , 

r, 


0L, 


—           -     — 

—  -          — 

!    Per  cent,  in  dry 

Q. 

matter. 

1        £ 

( 

Ll 

I 

E 

3 

.3 

|i 

f"2 

0  ° 

221  Chlorids,  limed;  0  soda,  1  potash 243       0 .67 

20   Chlorids,  limed;  J  soda,  1  potash '       243       0 . 72 

19    Chlorids,  limed;  i  soda,  1  potash 243        0.52 

i  , 

34    Carbonates,  unlimed;  0  soda,  1  potash 

32.  Carbonates,  unlimed;  J  soda,  1  potash 

311  Carbonates,  unlimeil;  }  soda,  1  potash 

24*  Chlorids,  limed;  J  soda,  J  potash 194 

15    Chlorids,  limed;  1  soda,  J  potash 

48    Carbonates,  limed;  J  soda,  J  iK>tash 

39   Carbonates,  limed;  1  soda,  J  jwtash 


1.82 
1.90 
1.97 


162 

0.34 

2.02 

180  ' 

0.51 

1.89 

194 

0.52 

2.16 

194 

0.96 

0.63 

225 

1.18 

0.62 

131 

0.84 

0.55 

117 

1.19 

0.50 

Chicory,  Tops,  1901. 

48    Carbonates,  limed;  J  soda,  }  potash 2.29         0.76 

39    Carbonates,  limed;  1  soda,  }  potash 3.84         0.97 
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» 
In  the  limed  chlorid  series  where  the  full  ration  of  potassium  salt 

was  supplemented  by  a  half  and  three-quarter  ration  of  sodium  salt, 
it  will  be  seen  that  the  yields  were  in  all  cases  identical. 

In  the  unlimed  series  where  the  carbonates  were  employed  the 
addition  of  increasing  amounts  of  the  sodium  salt  was  accompanied 
by  an  apparent  increase  in  the  crop,  though  these  differences  may 
possibly  have  been  merely  incidental  and  hence  without  significance. 
In  the  series  first  mentioned  above,  no  positive  evidence  was  afforded 
of  an  increased  percentage  of  sodium  oxid  in  the  crop,  and  further- 
more the  percentages  of  potassium  oxid  were  greater,  rather  than 
less,  where  the  extra  sodium  salt  had  been  used. 

In  the  unlimed  carbonate  series  the  percentage  of.  sodium  oxid  in 
the  roots  had  been  apparently  increased  by  the  addition  of  the  sodium 
salt  in  the  manures.  There  was,  however,  owing  to  the  variation 
in  results,  no  positive  evidence  of  an  increase  or  depression  of  the 
percentages  of  potassium  oxid. 

In  both  instances  where  the  manures  which  contained  a  quarter 
ration  of  each  salt  were  supplemented  by  an  additional  three-quarter 
ration  of  sodium  salt  the  percentages  of  sodium  oxid  in  the  plant 
were  considerably  increased,  with  but  slight  or  uncertain  depression 
of  the  potassium  oxid.  The  yield  was  in  one  case  smaller  and  in  the 
other  larger  where  the  additional  sodium  salt  was  employed.  These 
variations  were,  however,  perhaps  within  the  limits  of  error  for  such 
field  trials. 

In  the  two  instances  where  the  tops  were  analyzed  the  sodium 
oxid  and  potassium  oxid  were  both  found  to  have  been  increased  in 
consequence  of  the  emplojonent  of  a  larger  amount  of  sodium  salt, 
yet  without  an  increase  in  the  yield  of  roots,  but  on  the  contrary 
accompanied  by  a  slightly  smaller  crop. 

No  positive  benefit  to  the  crop  was  demonstrated  as  a  result  of 
employing  the  sodium  salts,  even  when  the  supply  of  the  potassium 
salt  in' the  manures  was  quite  limited,*  and  no  evidence  was  afforded 
of  a  conservation  of  the  potassium  supply  of  the  soil.     On  the  cou- 
rses Bui.  106.  May.  1905.  page  120. 
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trary,  the  drain  upon  the  potassium  of  the  soil  and  manures  seems  to 
have  been  somewhat  increased  in  this  instance  by  the  employment 
of  the  sodium  salt. 
Below  are  given  the  results  secured  with  the  carrot: 


Carrot,  Roots,  1901. 


24 
15 

48 
39 


48 
89 


Speoiml  Manuree  Applied. 


Per  cent,  in  dry 
matter. 


h 


II 


Chiorids,  limed;  i  soda,  i  potaah. 
ChloridB,  limed;  1  soda,  i  potash. 


Carbonates,  limed;  ^  soda,  i  potash. 
Carbonates,  limed;  1  soda,  i  potash. 


Carrot,  Tops,  1901. 

Carbonates,  limed;  i  soda,  i  potash. 
Carbonates,  limed;  1  soda;  i  potash. 


315 
313 

315 
306 


1.98 
2.54 

1.71 
3.00 


2.17 
4.76 


1.50 
1.45 

1.22 
1.29 


1.53 
1.00 


The  foregoing  results  on  the  whole  seem  to  show  that,  as  far  as 
concerned  the  carrot  roots,  the  employment  of  an  extra  three-quarter 
ration  of  sodium  salt  failed  to  materially  affect  either  the  yield  or  the 
percentages  of  potassium  oxid  in  the  crop,  yet  the  percentages  of 
sodium  oxid  in  the  crop  were  greatly  increased  in  both  instances. 

It  is  of  interest  to  observe  that  in  the  case  of  the  tops  the  use  of 
a  greater  amount  of  sodium  salt  in  the  manures  was  accompanied 
by  more  than  double  the  amount  of  sodium  oxid  in  the  dry  matter, 
or  by  a  still  greater  increase  than  in  the  case  of  the  roots.  At  the 
same  time  the  percentage  of  potassium  oxid  in  the  dry  matter  of  the 
tops  was  materially  lessened,  thus  indicating  a  decided  conserva- 
tion so  far  as  the  tops  were  concerned,  which  was  probably  sufficient 
to  insure  an  economy  of  potash  for  the  entire  plant. 
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Remits  Secured  with  Radishes  and  Flat  Turnips  Raised  in  1905. 

It  should  perhaps  be  repeated  here  that  in  1905  each  plat  received 
manures  as  follows: 

Pounds  per  aere. 
1,000  dried  blood. 
1,500  dissolved  bone. 
420  magnesium  sulfate. 

The  full  rations  of  potassium  and  sodium  salts  were  as  follow^: 

Poundfl  per  aore. 
354 . 9  potassium  carbonate. 
402 . 8  muriate  of  potash. 
200.0  sodium  chlorid  (common  salt). 
185.0  sodium  carbonate  (soda  ash). 

Below  are  given  the  results  secured  with  the  radish  in  1905 : 
Radish,  White  Strasburg,  1905. 


Spedal  Manures  Applied. 

•oi 

Per  cent,  in  dry 
matter. 

i 
1 

li 

|l 

12 
3 

24 
15 

Chlorids,  limed  once;  J  soda,  }  potash 

398 
456 

324 
438 

372 
400 

375 
398 

557 
550 

498 
547 

553 
556 

514 
555 

2.99 
4.08 

3.50 
4.44 

2.95 
4.11 

2.90 
4.04 

2.99 
3.16 

2.85 
2.66 

2.74 

2.88 

2.75 
2.75 

3.22 

Chlorids,  limed  once;  1  soda,  }  potash 

3.17 

(yhlorids,  limed  thrice;  }  soda,  i  potash 

2.42 

Chlorids.  limed  thrice:  1  soda.  4  Dotash. . 

3.54 

86 

Carbonates,  limed  once;  i  soda,  }  potash 

2.95 

?7 

Carbonates,  limed  once;  1  soda,  i  potash 

2.58 

48 
39 

11 

Carbonates,  limed  thrice;  i  soda,  }  potash 

Carbonates,  limed  thrice;    1  soda,  J  potash 

Chlorids,  limed  once;  f  soda,  f  potash 

3.21 
2.60 

6.13 

1 

Ohloridfl,  limed  once;  1  soda,  f  potash 

6.34 

9S 

Chlorids,  limed  thrice;  f  soda,  f  potash 

5.81 

13 

Chlorids,  limed  thrice;  1  soda,  f  potash 

6.54 

3/> 

Carbonates,  limed  once;  f  soda,  f  potash 

5.03 

25 

47 
37 

Carbonates,  limed  once;  1  soda,  i  potash 

Carbonates,  luned  thrice;  f  soda,  f  potash 

Carbonates,  limed  thrice;  1  soda,  f  potash 

5.52 

5.11 
5.43 
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The  addition  of  a  three-quarter  ration  of  sodium  salt  in  all  four 
cases  where  a  quarter  ration  each  of  the  sodium  and  potassium  salt 
had  already  been  applied  was  followed  by  increased  crops.  The 
gains  amounted  to  14.5,  35.2,  7.5,  and  6.1  per  cent;  the  greatest  gain 
having  occurred  where  the  chlorids  were  used  upon  the  land  which 
had  already  been  limed  three  times.  In  all  four  cases  the  percentage 
of  sodium  oxid  in  the  dry  matter  of  the  roots  was  greatly  increased 
when- the  additional  sodium  salt  was  employed  in  the  manures. 
In  one  case  the  percentage  of  potassium  oxid  was  slightly  less,  in 
one  case  it  was  about  1  per  cent,  greater,  and  in  the  other  two  cases 
it  was  decidedly  less  where  the  extra  sodium  salt  was  used.  The 
case  of  plats  Nos.  15  and  24  furnishes  a  striking  exception  to  the  gen- 
eral results  and  also  to  those  secured  in  1899,  for  the  employment 
of  an  additional  amount  of  sodium  salt  was  followed  in  this  case  by  a 
greater  percentage  of  potassium  oxid  in  the  crop. 

In  all  cases  where  the  percentages  of  potassium  oxid  were  less,  in 
accompaniment  with  the  higher  percentages  of  sodium  oxid  in  the 
crop  and  the  greater  yield,  an  economy  of  the  potassium  had  been 
brought  about. 

Supplementing  the  three-quarter  rations  of  the  two  salts  by  an 
extra  quarter  ration  of  sodium  salt  was  followed  in  one  case  by  a  de- 
creased yield,  too  small  to  have  significance,  and  in  three  cases 
by  somewhat  increased  yields,  two  of  which  were  of  sufficient  mag- 
nitude to  be  possibly  significant.  In  one  of  these  instances  the  per- 
centage of  sodium  oxid  was  unchanged,  in  another  it  was  less,  and  in 
two  other  cases  it  was  slightly  greater,  where  the  extra  sodium  salt 
was  added.  Ifi  all  four  cases  the  percentages  of  potassium  oxid  in 
the  roots  were  materially  increased  where  the  extra  sodium  salt  had 
been  added  to  the  manures,  and  yet  certainly  in  some,  if  not  all, 
cases,  without  a  corresponding  advantage  to  the  crop.  Taking  these 
results  in  immediate  comparison  with  those  where  the  initial  supply 
of  potassium  in  the  manures  was  less,  it  appears  (excepting  in  one 
of  the  latter  instances)  that  there  was  a  greater  economy  of  the  po- 
tassium supply  induced  by  the  sodium  when  the  supply  of  potassium 
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in  the  manures  was  limited.  Nevertheless,  a  positive  waste  of  the 
potassium  in  the  manures  occurred  when  the  supply  was  great.  In 
the  latter  ease  the  amount  of  potassium  oxid  in  the  dry  matter  of  the 
plant  appears  to  have  probably  been  in  excess  of  the  physiological 
necessities. 

Below  is  shown  the  result  of  adding  a  half,  and  in  some  cases  a 
full;  ration  of  sodium  salt  to  the  full  ration  of  potassium  salt: 


Radish,  White  Strashurg,  Roots,  1905. 


Per  cent,  in  dry 
matter. 


o 

I 


Special  Manures  Applied. 


if    I 


I 

10    Chlorids,  limed  once;  0  soda,  1  potash 522 

8j  Chlorids,  limed  once;  i  soda,  1  potash 542 

5    Chlorids,  limed  once;  1  soda,  I  potash 574 

22    Chlorids,  limed  thrice;  0  soda,  I  potash 522 

20j  Chlorids,  limed  thrice;  i  soda,  1  potash 553 

34    Carbonates,  limed  once;  0  soda,  1  potash 548 

32'  Carbonates,  limed  once;  i  soda,  1  potash 555 

46]  Carbonates,  limed  thrice;  0  soda,  1  potash 508 

41'  Carbonates,  limed  thrice;  1  soda,  1  potash 532 


1.94 
2.34 
2.73 


6.62 
7.72 
6.75 


2.02  ; 

6.86 

2.66 

6.67 

1.71 

6.33 

2.24 

1 

6.19 

2.27 

6.05 

2.64  1 

5.32 

In  every  instance  the  yields  were  greater  where  the  full  ration  of 
potassium  salt  was  supplemented  by  a  half  and  a  full  ration  of  sodium 
salt.  The  effect  of  adding  the  sodium  salt  in  the  manures  was  in 
every  case  to  increase  the  percentage  of  sodium  oxid  in  the  crop  in  a 
marked  degree.  In  one  of  the  four  cases  the  percentage  of  potassium 
oxid  in  the  crop  was  increased,  and  in  the  other  three  cases  lessened, 
upon  applying  the  sodium  salt.  The  remarkable  results  in  the  case 
of  plats  8  and  10  are  in  the  same  direction  as  those  in  the  case  of 
plats  Nos.  15  and  24  (page  247).  These  results  were  so  excep- 
tional that  the  analytical  work  was  verified  by  additional  determina- 
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tions  in  both  cases,  yet  nevertheless  a  suspicion  might  have  remained 
that  the  samples  had  been  interchanged  were  it  not  for  the  fact  that 
the  percentages  of  sodium  determined  in  the  same  solutions  were  in 
both  cases  in  full  agreement  with  what  was  to  have  been  expected 
had  no  such  interchange  resulted.  Therefore  the  results  indicate 
that  the  peculiarities  were  due  to  some  unknown  and  obscure  factor 
or  factors,  rather  than  to  an  interchange  of  samples  or  to  analytical 
errors. 

Turnip,  Flat,  Roots,  1905. 


Special  Bfanuree  Applied. 

^1 

Per  cent,  in  diy 
matter. 

i 
i 

1^ 

i^ 

lo 

Chloridfl.  limed  once :  4"  soda.  4-  Dotash 

240 
373 

192 
294 

227 
269 

246 
372 

390 
402 

340 
377 

311 
385 

376 
371 

404 
392 

2.U 
3.09 

2.94 
3.69 

2.45 
3.46 

2.47 
2.13 

1.91 
2.42 

2.30 
2.49 

2.12 
2.39 

2.09 
1.70 

1.72 
1.90 

2  b? 

3 

ChloridB,  limed  once;  1  soda,  J  potash 

1  99 

24 

Chlorids.  limed  thrice:  i  soda.  4  Dotash 

1  79 

16 

Chlorids,  limed  thrice;  1  soda,  i  potash 

1  96 

36 

Carbonates,  limed  once;  J  soda,  J  potash 

1  92 

27 

Carbonates,  limed  once;  1  soda,  }  potash 

1  68 

48 
39 

6 

Carbonates,  limed  thrice;  J  soda,  I  potash 

Carbonates,  limed  thrice;  1  soda,  i  potash 

Oblond?,  limed  onne;  )  soda,  )  potfiAh 

2.03 
2.94 

2  60 

2 

Chlorids,  limed  once;  1  soda,  }  potash 

3  05 

18 

Chlorids,  limed  thrice;  i  soda,  i  potash 

2  48 

14 

Chlorids,  limed  thrice;  1  soda,  i  potash 

2  72 

30 

Carbonates  limed  once:  i  soda,  i  Dotash. . .    . 

2  20 

26 

Carbonates,  limed  once;  1  soda,  )  potash 

2  48 

23 

Chlorids.  limed  thrice :  f  soda.  4  Dotash . . 

3  3.^ 

13 

Chlorids.  limed  thrice:  1  soda,  f  Dotash 

3    li> 

47 
37 

Carbonates,  limed  thrice;  }  soda,  }  potash 

Carbonates,  limed  thrice;  1  soda,  }  potash 

3.25 
3.22 
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|& 

Per  cent,  in  dry 
matter. 

.  1                             Special  Manures  Applied. 

1= 

22 
20 
17 

34 
32 
29 

46 
44 
41 

Chlorids  limed  once :  0  soda.  1  Dotash 

369 
392 

382 

414 
420 
358 

384 
399 
394, 

1.23 
1.38 
1.71 

1.26 
1.47 
1.66 

1.27 
1.38 
1.75 

3  69 

Chlorids,  limed  once;  i  soda,  1  potash 

Chlorids,  limed  once;  1  soda,  1  potash 

Carbonates,  limed  once;  0  soda,  1  potash 

Carbonates,  limed  once;  i  soda,  1  potash , . 

Carbonates,  limed  once;  1  soda,  1  potash 

Carbonates,  luned  thrice;  0  soda,  1  potash 

Carbonates,  limed  thrice;  i  soda,  1  potash 

Carbonates,  limed  thrice;  1  soda,  1  potash 

3.94 
3.82 

3.53 
3.53 
3.45 

3.49 
3.88 
3.50 

When  a  quarter  ration  each  of  the  two  salts  was  supplemented  by 
an  additional  three-quarter  ration  of  sodium  salt,  the  increase  in 
yield  in  the  four  cases  amounted  to  55,  53,  19,  and  51  per  cent.  In 
three  of  the  four  cases  the  percentage  of  sodium  oxid  in  the  dry 
matter  of  the  roots  was  decidedly  increased  upon  the  application 
of  an  additional  amount  of  sodium  salt  in  the  manures. 

In  the  first  and  third  instances  the  percentage  of  potassium  oxid 
in  the  dry  roots  was  less,  and  in  the  second  and  fourth  instances  it 
was  greater,  where  the  extra  sodium  oxid  was  employed  in  the 
manures.  These  results  indicate  a  conservation  of  potash,  only 
when  the  smaller  amount  of  lime  was  applied. 

In  the  three  cases  where  a  half  ration  of  each  of  the  two  salts  was 
supplemented  by  the  addition  of  a  half  ration  of  sodium  salt  the 
yields  all  showed  an  increase,  though  in  one  instance  it  amounted  to 
but  about  three  per  cent.,  or  too  little  to  be  significant.  In  all  cases 
the  percentages  of  sodium  oxid  and  of  potassium  oxid  in  the  dry 
matter  of  the  roots  were  increased  where  the  extra  sodium  salt  was 
applied  in  the  manures.     On  account  of  the  increase  of  the  potas- 
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Bium  percentage  accompanying  the  increase  of  crop,  there  would 
seem  to  be  ground  for  concluding  that  the  extra  potassium  might 
have  been  the  cause  of  the  increase,  were  it  not  for  the  fact  that  in 
the  case  of  the  crop  of  plat  No.  3  the  perce^ntage  of  potassium  oxid 
was  but  1.99,  and  yet  the  yield  was  373  pounds,  or  more  than  in  the 
case  of  plat  No.  18  where  the  potassium  oxid  in  the  dry  matter 
amounted  to  2.48  per  cent.  At  all  events,  in  this  instance  no  satis- 
factory evidence  was  afforded  to  show  that  the  presence  of  the  extra 
sodium  salt  resulted  in  effecting  an  economy  of  the  potassium,  at 
least  in  so  far  as  concerned  the  roots. 

The  addition  of  an  extra  quarter  ration  of  the  sodium  salt  to  the 
three-quarter  ration  of  the  two  salts  failed  in  both  cases  to  increase 
the  crop.  In  one  instance  the  percentage  of  sodium  oxid  in  the  crop 
was  less  and  in  another  greater,  and  the  percentages  of  potassium 
oxid  in  both  caies  were  slightly  less,  where  the  extra  quarter  ration 
of  sodium  salt  was  employed. 

The  most  effective  light  upon  the  ability  of  the  sodium  salt  to 
conserve  the  potassium,  where  the  supply  of  the  latter  is  large,  is 
furnished  when  full  rations  of  the  respective  potassium  salts  were 
supplemented  by  half  and  full  rations  of  the  respective  sodium  salts. 
These  tests  in  two  of  the  three  series  indicate  slight  possible  benefit, 
as  concerns  yield,  in  consequence  of  the  presence  of  the  extra  sodium 
salt.  In  the  third  series  of  tests  there  was  one  marked  exception  to 
this  apparent  gain.  In  all  three  series  there  was  unmistakable  evi- 
dence of  an  increased  percentage  of  sodium  oxid  in  the  roots  where 
the  extra  sodium  salt  was  present  in  the  manures.  The  results  as 
concerns  the  potassium  oxid  in  the  roots  were  widely  variable,  but 
on  the  whole  they  give  no  positive  evidence  of  a  conservation  of  the 
potassium  salt  in  consequence  of  the  presence  of  the  extra  sodium 
salt. 
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Additional  Data  Bearing  upon  the  Economical  Utilization 
OP  Phosphoric  Actd,  Potassium,  and  Other  Substances 
BY  Plants  as  Influenced  by  Sodium  Salts. 

In  some  instances  noted  in  this  chapter  the  amount  of  available 
potassium  present  was  in  excess  of  the  needs  of  the  plants,  a  con- 
dition which  would  exercise  a  very  considerable  influence  upon  the 
extent  of  its  conservation  and  upon  the  relative  yields  from  the  plats 
which  are  compared.  The  economic  discussions  contained  herein 
should  only  be  considered  with  this  fact  in  mind. 

It  is  of  interest  to  compare  the  analyses  of  certain  of  the  crops 
of  white  Strasburg  radish  grown  in  1899.    Below  are  the  data: 

Plat  No.  14.  Plat  No.  22. 

Soda,  1.  Soda,  0. 

Potaah.  i.  Potash.  1. 

Yield  (in  pounds) 766  709 

In  Dry  Matttr,                                                                 Per  cent.  Per  cent. 

Phosphoric  acid 0.90  0.78 

Potassium  oxid 5. 19  8.43 

Sodium  oxid 5.12  2.02 

Calcium  oxid 1.32  1.46 

Magnesium  oxid, 0.63  0.89 

From  the  foregoing  it  will  be  seen  that  when  the  full  ration  of 
potassium  salt  was  used,  which  amount  was  in  excess  of  the  plant 
needs,  the  yield  was  actually  less  than  when  a  half  ration  of  potas- 
sium supplemented  by  a  full  ration  of  sodium  was  employed.  It 
will  be  observed  that  the  percentage  of  phosphoric  acid  was  greater 
in  the  latter  than  in  the  former  case,  but  that  the  amounts  of  po- 
tassium oxid,  calcium  oxid,  and  magnesium  oxid  per  hundred  pounds 
of  dry  matter  were  all  greater  when  the  full  ration  of  potassium  was 
applied.  A  much  greater  amount  of  sodium  oxid  was,  however, 
removed  where  the  sodium  salt  was  added  in  the  manures.  The 
extra  loss  of  sodium  oxid  from  the  removal  of  the  crop  was,  however, 
but  3.10  pounds  per  hundred  pounds  of  dry  matter  when  the  sodium 
was  present  in  the  manures,  while  on  the  other  hand  the  loss  of  po- 
tassium oxid  was  3.24  pounds  for  every  hundred  pounds  of  dry  matter 
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in  the  case  where  the  sodium  salt  was  omitted  from  the  manures.  In 
view  of  the  sodium  costing  practically  nothing  if  bought  in  nitrate 
of  soda,  kainit,  and  muriate  of  potash,  the  saving  in  potassium  from 
its  use  was  far  more  than  enough  to  offset  the  losses  in  other  in- 
gredients. 

If  it  should  be  shown  that  the  value  of  the  product  for  nutrient 
purposes  is  greater  when  the  per  cent,  of  phosphorus  is  increased, 
the  economy  resulting  from  the  presence  of  the  sodium  salt  would 
then  be  found  to  be  still  more  enhanced. 

It  should  be  observed  that  the  liming  having  been  identical  and 
chlorids  having  been  applied  in  the  case  of  both  of  the  plats  cited 
above,  the-results  in  that  respect  are  strictly  comparable. 

A  comparison  similar  to  the  one  given  above  is  rendered  possible 
by  data  from  the  same  crop  and  year  in  the  limed  carbonate  series. 

Below  are  the  data  to  which  reference  is  made: 

Plat  No.  38.  Plat  No.  46. 

Soda,  1,  Soda,  0, 

Potash,  i.  Potash.  1. 

Yield  (in  pounds) 662  655 

In  Dry  Matter.                                                                 Per  cent  Per  eeni. 

Phosphoric  acid 1 .  10  0.96 

Potassium  oxid 5.27  9.82 

Sodium  oxid 5.72  1.43 

Calcium  oxid 1.17  1.61 

Magnesium  oxid 0. 67  1 .  10 

The  amounts  of  phosphoric  acid  and  of  sodium  oxid  in  the  dry 
matter  were,  as  before,  greater  when  the  sodium  salt  was  employed. 
The  additional  sodium  oxid  removed  per  hundred  pounds  of  dry 
matter,  when  the  sodium  salt  was  added  to  the  manures,  amounted 
to  4.29  pounds,  and  the  similar  loss  of  extra  potassium  oxid  when 
the  full  ration  of  potassium  salt  was  used  without  supplemental 
sodium  salt  amounted  to  4.55  pounds.  This  is  sufficient  to  show 
in  this  case  that  the  sodium  salt  even  at  current  prices  would  have 
effected  an  economy  so  far  as  concerned  the  conservation  of  plant 
food  removed  by  the  radish  roots,  and  when  it  is  borne  in  mind  that 
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the  sodium  could  have  been  secured  in  nitrate  of  soda  or  in  certain 
of  the  German  potash  salts  practically  free  of  cost,  the  bearing  of 
this  feature  of  these  results  becomes  even  more  significant. 
Below  are  given  data  secured  with  the  flat  turnip  in  the  same  year : 

Plat  No.  15.         Plat  No.  22. 

Soda.  1.  Soda.  0. 

Potash,  i.  Potash.  1. 

Yield  (in  pounds) 293  234 

In  Dry  Matter.  Per  etnL  Per  cent 

Phosphoric  acid 1 .26  1.03 

Potassium  oxid 2.13  4.54 

Sodium  oxid 5.06  1 .46 

Calcium  oxid 1.26  1.31 

Magnesium  oxid 0.69  0.62 

In  this  instance  the  yield  was  greater  when  the  quarter  ration  of 
potassium  salt  was  supplemented  by  a  full  ration  of  sodium  salt  than 
when  a  full  ration  of  potassium  salt  was  used  without  any  sodium 
salt  whatsoever. 

It  will  be  seen  that,  as  in  the  case  of  the  radish,  the  use  of  the 
sodium  salt  raised  the  percentages  of  sodium  oxid  and  of  phosphoric 
acid  in  the  dry  matter  of  the  roots,  but,  unlike  the  previous  instances, 
the  use  of  the  sodium  salt  slightly  increased  rather  than  lessened  the 
magnesium  oxid  removed. 

The  extra  amount  of  sodium  oxid  removed  per  hundred  pounds  of 
dry  matter  when  the  sodium  salt  was  added  in  the  manures, 
amounted  to  3.59  pounds;  and  the  extra  quantity  of  potassium 
oxid  removed  per  hundred  pounds  of  dry  matter  when  the  sodiimi 
salt  was  omitted  and  a  full  ration  of  potassium  .salt  was  used  in  the 
manures,  amounted  to  2.41  pounds.  The  conservation  of  the  po- 
tassium salt  by  virtue  of  employing  the  sodium  salt  was  great, 
though  not  so  striking  as  in  the  case  of  the  radish. 

The  following  are  results  with  the  Norbiton  Giant  beet  (mangel- 
wurzel)  : 
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Plat  No.  15.  Plat  No.  22 

Soda.  1.  Soda.  0. 

Potash,  i.  Potash.  1. 

Yield  (in  pounds) 682  689 

In  Dry  Matter,                                                                    Per  cent  Pm  eenL 

Phosphoric  acid 0.32  0.33 

Potassium  oxid 0.84  3.65 

Sodium  oxid 4.63  1 .71 

Calcium  oxid 0.26  0.26 

Magnesium  oxid 0 .  60  0.51 

In  this  case  the  percentages  of  phosphoric  acid,  calcium  oxid,  and 
magnesium  oxid  are  practically  the  same. 

When  the  sodium  salt  was  used  the  extra  quantity  of  sodium  oxid 
removed  in  the  roots  amounted  to  2.92  pounds  per  hundred  of  dry 
matter,  and  when  the  full  ration  of  potassium  salt  was  employed 
without  the  sodium  salt  the  extra  amount  of  potassium  removed  per 
hundred  of  dry  matter  was  2.81  pounds. 

Still  another  comparison  of  results  with  the  same  beet  is  possible 
in  the  limed  carbonate  series.    The  results  are  as  follows: 

Plat  No.  39.  Plat  No.  46. 

Soda.  1.  Soda.  0. 

Potash,  i.  Potash.  1. 

Yield  (in  pounds) 601  797 

In  Dry  Matter,                                                                   Per  cenL  Per  eenL 

Phosphoric  acid 0.39  0.35 

Potassium  oxid 0.81  3.69 

Sodium  oxid 6. 10  1 .06 

Calcium  oxid 0.29  0.27 

Magnesium  oxid 0.48  0.47 

This  is  the  first  instance  discussed  in  this  particular  connection 
in  which  the  yield  has  been  decidedly  greater  where  the  full  ration  of 
potassium  was  employed  without  any  supplementary  sodium  salt. 
It  will  be  seen  that  far  less  potassium  oxid  was  removed  in  the  crop 
when  the  sodium  salt  was  applied  in  the  manures  but  the  lessened 
yield  may  have  been  enough  to  fully  ofiFset  this  apparent  saving. 

It  is  of  interest  to  observe  that  the  sodium  salt  applied  in  the 
manures  did  not  materially  change  the  percentages  of  phosphoric 
acid,  calcium  oxid,  and  magnesium  oxid. 
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Below  are  the  data  secured  with  chicory,  in  the  limed  chlorid 
series  (crop  of  1899) : 

Plat  No.  15.         Plat  No.  22. 

Soda.  1,  Soda.  0, 

Potash,  i.  Potaah.  1. 

Yield  (in  pounds) 189  312 

In  Dry  MaUer.  Per  cent.  Per  cent. 

Phosphoric  acid 0.48  0.45 

Potassium  oxid 0.62  1 .42 

Sodium  oxid 1.01  0.37 

Calcium  oxid 0.24  0.22 

Magnesium  oxid 0.25  0.18 

In  this  case  the  substitution  of  a  full  ration  of  sodium  salt  for  a 
three-quarter  ration  of  potassium  salt  resulted  in  a  smaller  yield 
and  in  an  increase  of  sodium  oxid  in  the  dry  matter  from  0.37  to  1.01 
per  cent.  At  the  same  time  there  was  an  increase  in  the  percentages 
of  phosphoric  acid,  calcium  oxid,  and  magnesium  oxid.  The  per- 
centage of  potassium  oxid,  on  the  contrary,  was  depressed  from  1.42 
to  0.62.  In  this  case,  as  in  that  of  the  last-mentioned  results  with 
beets,  the  depression  of  the  yield  probably  far  more  than  offsets  the 
conservation  of  the  potassium  in  the  soil. 

Still  another  comparison  is  rendered  possible  with  chicory  roots 
in  the  same  year,  in  the  limed  carbonate  series.  The  results  are 
given  below: 

Plat  No.  39.  Plat  No.  46. 

Soda.  1,  Soda.  0. 

Potaah.  i.  Potash.  1. 

Yield  (in  pounds) 205  256 

In  Dry  MaUer,                                                                   Per  cent.  Per  cent. 

Phosphoric  acid 0.59  0.46 

Potassium  oxid 0.37  1.43 

Sodium  oxid 1.04  0.35 

Calcium  oxid 0.26  0.24 

Magnesium  oxid 0.32  0. 18 

In  this  instance,  as  in  the  preceding  one,  cutting  down  the  potas- 
sium salt  to  a  quarter  ration  and  adding  in  its  place  a  full  ration  of 
the  sodium  salt  raised  the  percentages  in  dry  matter  of  all  of  the  in- 
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gredients  excepting  potassium  oxid,  which  was  depressed  from  1.43 
to  0.37  per  cent.  In  view  of  the  reduction  in  yield  and  the  increased 
drain  on  the  other  mineral  elements,  it  does  not  seem  to  have  been 
an  advantageous  proceeding  to  substitute  the  sodium  salt  for  the 
potassium  salt  in  the  manures,  even  notwithstanding  that  less  po- 
tassium oxid  was  withdrawn  from  the  soil  in  each  one  hundred  pounds 
of  dry  roots. 

The  results  secured  with  the  flat  turnip  roots  in  1905  render  pos- 
sible certain  comparisons  which  throw  light  upon  the  conservation 
of  potassium  in  consequence  of  using  sodium  salts  in  the  manures. 
All  of  the  results  used  in  this  comparison  were  from  the  chlorid  series 
which  had  been  limed  once.     The  results  are  as  follows: 

Plat  No.  2.  Plat  No.  6.  Plat  No.  10. 

Soda.  1.  Soda,  i.  Soda,  0. 

Potash,  i.  Potash,  i.  Potash.  1. 

Yield  (in  pounds) 402  390  417 

In  Dry  Matter.  Per  cenL  Per  cent.  Per  cent. 

Nitrogen 2.80  2.41  2.37 

Phosphoric  acid 1.42  1.29  1.33 

Potassium  oxid 3.05  2.60  3.93 

Sodium  oxid 2.42  1.91  1.04 

Calcium  oxid 0.80  0.83  0.80 

Magnesium  oxid 0.35  0.37  0.47 

In  this  case  the  yields  were  but  slightly  less  where  a  half  ration  of 
each  salt  was  used  and  where  a  half  ration  of  potassium  salt  was 
supplemented  by  a  full  ration  of  sodium  salt,  than  where  the  full 
ration  of  potassium  salt  was  employed. 

In  the  instance  of  a  half  ration  of  each  (plat  No.  6)  a  depression 
of  the  magnesium  oxid,  phosphoric  acid,  and  potassium  oxid  resulted. 
The  percentage  in  the  dry  matter  dropped  in  the  latter  case  from  3.93 
to  2.60.  When  a  further  half  ration  of  sodium  salt  was  added  (plat 
No.  2),  even  more  nitrogen  was  removed  than  in  either  of  the  other 
cases  and  the  conservation  of  the  potassium  was  less  than  before, 
which  factor,  added  to  the  cost  of  the  additional  half  ration  of  sodium 
salt,  also  leaves  one  disinclined  to  believe  that  any  actual  net  benefit 
resulted  from  its  addition.     It  is  of  course  possible  in  the  last  instance 
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that  the  excess  of  nitrogen  may  have  been  changed  into  proteid  or 
amide  combinations  and  hence  may  have  ^represented  a  gain  in  the 
feeding  value  of  the  crop,  but  it  is  just  as  likely  that  the  excess  of 
nitrogen  may  have  been  present  in  the  crop  as  nitrate,  considerable 
of  which  was  usually  found  in  the  turnip,  and  if  so  its  removal  by  the 
crop  may  have  been  positively  disadvantageous. 

Additional  Hght  upon  the  possible  conservation  of  potassium  by 
sodium  salts  as  shown  by  the  tops  is  afforded  by  certain  analyses 
of  the  tops  of  flat  turnips  grown  in  the  year  1905  in  the  chlorid  series 
which  had  been  limed  three  times.    These  results  are  as  follows: 


Plat  No.  14.  Plat  No.  22. 

Soda.  1.  Soda.  0. 

Potash,  i.  Potash.  1. 

„.,,,.             J  N      '                                ( Tops          647  640 

Yield  (in  pounds) |  ^^J^^        ^^  ^ 

In  Dry  MatUr,                                                                 Per  eeni.  Per  eenL 

Nitrogen 3.28  3.25 

Phosphoric  acid 1 .31  1 .33 

Potassium  oxid 2.28  3.28 

Sodium  oxid 2.44  1.45 

Calciimi  oxid 5.29  4.98 

Magnesium  oxid 1.04  1.58 


The  only  material  change  in  the  composition  of  the  dry  matter  was 
a  depression  of  the  magnesium  and  potassium  oxids  upon  substitut- 
ing a  full  ration  of  sodium  salt  for  the  half  ration  of  potassium  salt. 
There  was  no  sacrifice  of  crop  in  this  case,  and  there  resulted  a  sav- 
ing of  one  pound  of  potassium  oxid,  per  hundred  pounds  of  dry  mat- 
ter, in  the  amoimt  removed  by  the  turnip  tops.  It  is  a  source  of 
regret  that  no  facilities  were  afforded  for  examining  the  drainage 
water  in  order  to  see  if  the  potash  which  failed  to  pass  into  the  crop 
was  lost  in  the  drainage  water.  At  all  events  it  should  be  pointed 
out  that  it  has  been  shown  in  earlier  experiments  at  this  Station* 
that  when  sodium  salts  were  applied  for  a  series  of  years,  after  which 
neither  sodium  nor  potassium  salts  were  used,  the  crops  seemed  to 
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do  better  where  previous  generous  rations  of  potassium  salt  had  been 
supplemented  by  sodium,  salt  than  when  the  former  were  used  alone. 
This  may  not  necessarily  indicate  a  conservation  of  potassium  in  the 
soil,  for  some  other  may  be  the  true  explanation  of  the  results;  yet 
had  the  use  of  the  sodium  salt  caused  a  serious  loss  of  potassium  salt 
in  the  drainage  water,  it  would  have  been  expected  to  have  shown 
itself  by  a  lessening  of  the  yield. 

An  analysis  of  the  roots  of  the  flat  turnip  from  the  thrice-limed 
carbonate  series  (plat  No.  42)  which  has  not  been  presented  pre- 
viously, admits  of  some  interesting  comparisons  with  the  analyses 
of  other  turnips  in  the  same  series.     The  results  are  given  below : 

Plat  No.  39.  Plat  No.  48.  Plat  No.  42.  Plat  No.  47. 

Soda  ration.                1  i  i  I 

Potash     "J  k  k  I 

Yield  (in  pounds) ....       372  246  343  404 

In  Dry  Matter.                   Per  cent.  Per  cent.  Per  cenL  Per  cent. 

Nitrogen 2.67  3.28  2.70  2.60 

Phosphoric  acid 1.39  1.30  '    1.38  1.41 

Potassium  oxid 2.94  2.03  2.62  3.25 

Sodium  oxid 2.13  2.47  2.04  1.72 

Calcium  oxid 0.89  1.15  0.90  0.88 

Magnesium  oxid 0.39  0.41  0.40  0.37 

It  will  be  seen  that  the  jdeld  from  a  quarter  ration  each  of  the 
sodium  and  potassium  salt  amounted  to  but  246  pounds.  With 
the  extra  addition  of  a  three-quarter  ration  of  sodium  salt  a  larger 
crop  was  secured  than  with  a  half  ration  of  each,  though  it  was  smaller 
than  that  produced  when  a  three-quarter  ration  of  each  salt  was 
applied.  Comparing  the  results  from  plats  Nos.  39  and  42,  it  will 
be  seen  that  the  extra  half  ration  of  sodium  salt  applied  in  the 
manures  in  the  former  case  was  followed  by  only  a  slight  increase  in 
the  sodium  oxid  in  the  dry  matter  and  by  an  increase  rather  than  a 
depression  of  the  potassium  oxid.  From  this  it  would  appear  that 
some  of  the  benefit  derived  from  applying  the  sodium  salt  may  have 
been  due  to  its  liberation  of  potassium.  A  similar  conclusion  seems 
to  be  necessitated  also  when  one  compares  the  percentages  in  the 
crops  from  plats  Nos.  39  and  48. 
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In  the  case  of  certain  crops  there  have  been  suggestions  that  there 
may  be  a  greater  conservation  of  potassium  in  consequence  of  apply- 
ing sodium  salts  when  the  season  is  dry  and  the  chances  for  the  re- 
placement of  potash  by  soda  in  the  soil  are  probably  less  favorable. 

Still  another  comparison  of  certain  results  not  previously  presented 
is  afforded  by  the  crop  from  plat  No.  25  in  the  carbonate  series  to 
which  lime  had  been  applied  once.    The  data  are  given  below : 

Plat  No.  25  .  Plat  No.  34. 

Soda.  1.  Soda.  0. 

Potash,  f.  Potash.  1. 

Yield  (in  pounds) 389  414 

In  Dry  Matter.                                                                   Per  cent.  Per  cenL 

Nitrogen 2.6r  2.53 

Phosphoric  acid 1 .46  1 .40 

Potassium  oxid 2.80  3.53 

Sodium  oxid.. 1 .99  1 .26 

Calcium  oxid 0.84  0.78 

Magnesium  oxid 0.38  0.46 

With  the  introduction  of  the  sodium  salt  in  this  instance  the  per- 
centage of  sodium  oxid  in  the  dry  matter  rose  from  1.26  to  1.99  and 
the  percentage  of  potassium  oxid  fell  from  3.53  to  2.80  per  cent. 
With  this  decrease  the  percentages  of  all  of  the  other  ingredients 
but  magnesium  oxid  rose. 

On  the  whole,  the  conservation  of  potassium  by  the  application  of 
the  sodium  salt  was  of  doubtful  advantage,  even  though  the  sodium 
were  secured  without  cost. 

Ftjkther  Data  Concerning  the  Influence  of  Sodium  and  Po- 
tassium Salts  upon  the  Percentages  of  Phosphoric 
Acid  and  of  Bases  in  the  Dry  Matter  of  the 
Plant. 

In  view  of  the  many  results  given  previously,  showing  that,  in  the 
presence  of  small  supplies  of  potassium  salts,  sodium  salts  materially 
mcreased  the  percentages  of  phosphoric  acid  in  the  dry  matter  of  the 
plant,  it  was  desired  to  ascertain  how  marked  the  results  would  be  if 
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no  potassium  salt  was  applied  in  the  manures.    These  results  are 
given  below: 

White  Strasburg  Radish,  Boots,  1905. 

Plat  No.  4.  put  No.  10. 
Soda.  1,  Soda.  0. 

Potash.  0.  Potash.  1. 

Yield  (in  pounds) 274  522 

In  Dry  MaUer,  Per  cent  P«r  emU 

Nitiogen 4.66  3.51 

Phosphoric  acid 1 .24  1 .08 

Potassium  oxid 1 .95  6.62 

Sodium  oxid 5.43  1.94 

Calcium  oxid. 1 .55  1 .  12 

Magnesium  oxid 1.03  0.83 

It  will  be  observed  that  the  percentage  of  phosphoric  acid  in  the 
dry  matter  where  the  full  ration  of  potassium  salt  was  applied  was 
1.08,  and  that  where  the  full  ration  of  sodium  salt  was  used  without 
any  addition  of  potassium  salt  the  percentage  of  phosphoric  acid  in 
the  dry  matter  of  the  roots  rose  to  1.24.  This  matter  is  chiefly  of 
interest  in  case  it  were  desired  to  secure  plants  rich  in  phosphorus. 
Whether  or  not  there  would  be  any  object  in  this  would  doubtless 
depend  upon  whether  the  extra  phosphorus  is  really  present  in  or- 
ganic or  inorganic  combinations;  a  point  not  yet  investigated.  It 
is  incidentally  of  interest  to  note  that  when  the  full  ration  of  sodium 
6alt  was  employed  the  removal  of  nitrogen  and  of  all  of  the  mineral 
elements  excepting  potassium  was  far  greater  than  when  the  full 
ration  of  potassium  salt  was  employed. 

Concerning  the  Influence  of  the  Carbonates  and  Chlorids 

UPON  THE  Composition  of  the  Dry  Matter  of  the  Leap 

of  the  Radish,  and  of  Turnip  Roots. 

It  has  already  been  repeatedly  shown  that  as  a  general  rule  the 
use  of  sodium  carbonate  and  potassium  carbonate  in  the  manures 
resulted  in  higher  percentages  of  phosphoric  acid  in  the  dry  matter 
of  the  roots  than  the  use  of  the  chlorids.    On  this  account  it  was  de- 


• 
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sired  to  see  if  similar  indications  would  be  afforded  by  the  tops.  In 
order  to  render  the  results  comparable  the  tops  "from  plats  Nos.  13 
and  37  were  selected,  for  the  reason  that  both  plats  had  been  limed 
in  an  identical  manner  and  because  the  3rields  were  nearly  the  same; 
for  example,  the  3rields  of  tops  and  roots  in  the  former  case  were 
520  and  547  pounds,  respectively,  and  in  the  latter  case  527  and  572 
pounds,  for  like  areas. 

Below  are  given  the  results  of  the  analysis  of  the  radish  tops  from 
the  two  plats  each  of  which  received  a  full  ration  of  sodium  salt  and 
also  a  three-quarter  ration  of  potassium  salt: 

Radish  Tops, 

Plat  No.  13.  Plat  No.  37. 

Chloridi.  Carbonates. 

In  Dry  MaUer,  Per  cent.  Per  cent. 

Nitrogen 4.69  4.93 

Phosphoric  acid 1 .  17  1 .26 

Potassium  oxid 3.98  3.07 

Sodium  oxid 2.99  2.62 

Calcium  X)xid 4.77  4.09 

Magnesium  oxid 0.95  0.78 

It  will  be  seen  that  the  tops  in  this  case  follow  the  same  general 
rule  which  has  been  observed  for  the  roots,  or  in  other  words  the 
percentage  of  phosphorib  acid  in  the  dry  matter  was  greater  where 
the  carbonates  were  applied  as  manures  than  where  the  chlorids  were 
used.  Whether  this  is  due  to  a  greater  solvent  action  of  the  car- 
bonates upon  the  phosphorus  compounds  of  the  soil  or  whether  the 
same  would  be  found  to  be  true  of  plants  grown  in  solution  is  a  point 
which  it  is  hoped  may  be  determined  by  later  experiments.  In  this 
case  the  nitrogen  increase  was  coincident  with  the  increase  of  phos- 
phoric acid,  though  it  will  be  noticed  that  a  smaller  amount  of  all  of 
the  bases  was  present  in  the  dry  matter  of  the  plants  manured  with 
the  carbonates  than  in  those  manured  with  the  chlorids.  Whether 
this  was  due  directly  to  the  manures  or  to  the  somewhat  better  de- 
velopment of  the  crop  in  the  former  instance,  as  indicated  by  the 
yields  mentioned  above,  remains  to  be  ascertained. 
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Similar  comparisons  not  previously  made  are  possible  between 
the  flat  turnip  roots  upon  plats  Nos.  1  and  25.  Both  plats  had  been 
limed  once,  and  each  received  a  full  ration  of  sodium  salt  and  a  three- 
quarter  ration  of  potassium  salt.  In  the  former  instance  chlorids 
were  used  and  in  the  latter  the  carbonates.  The  respective  yields 
upon  like  areas  were  379  and  389  pounds.  Below  are  given  the  ana- 
lytical results: 

Plat  No.  1.  Plat  No.  25. 

ChloridB.  Carbonates. 

In  Dry  Matter.  Per  cent.  Per  cent. 

Nitrogen 2.72  2.61 

Phosphoric  acid 1 .28  1.46 

Potassium  oxid 3.87  2.80 

Sodium  oxid 1.97  1.99 

Calcium  oxid 0.95  0.84 

Magnesium  oxid 0.34  0.38 

In  this  instance,  just  as  in  the  case  of  the  radish  tops,  the  use  of 
the  carbonates  was  followed  by  a  higher  percentage  of  phosphorus 
in  the  dry  matter  than  the  use  of  the  chlorids;  the  same  was  true 
also  of  the  magnesium  oxid.  The  sodium  oxid  was  practically 
identical  in  both  cases.  The  calcium  oxid  was  less  where  the  car- 
bonates were  used,  and  the  potassiimi  oxid  was  decidedly  less,  just 
as  they  were  in  the  case  of  the  radish  tops. 

Pot  Experiments  with  Sodium  Salts  in  1898. 

The  experiments  to  be  described  here  were  conducted  in  pots  of 
the  Wiley  pattern.  These  were  filled  with  surface  (agricultural) 
soil  from  the  unmanured  permanent  experimental  plats  of  the  Sta- 
tion, Nos.  72,  74,  76,  78,  80,  82,  and  84.  Seventy-two  and  one-half 
pounds  of  the  soil  were  placed  in  each  pot.  The  moisture  content 
was  determined,  and  also  the  water  capacity  of  the  soil,  so  that  by 
frequent  weighings  proper  amounts  of  water  could  be  maintained 
therein.  Each  of  the  forty-nine  pots  received  the  following  amounts 
of  manurial  substances : 
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Ormms  per  pot 

2.2900  magnesium  sulfate  c.  p. 
12.2081  dissolved  bone-black. 
47.0475  air-slaked  lime  (three  tons  per  acre). 

6.9000  ammonium  nitrate  c.  p. 

The  dissolved  bone-black  furnished  2.3  grams  of  phosphoric  acid 
per  pot. 

Concerning  the  ammonium  nitrate,  it  was  applied  in  portions  of 
2.3  grams  each,  on  May  25,  July  2,  and  August  12.  Each  portion 
was  dissolved  in  20  c.c.  of  water  and  applied  just  before  the  plants 
were  watered. 

The  full  ration  of  potassium  oxid  amounted  to  1.6355  grams  per 
pot,  and  the  fvll  ration  of  sodium  oxid  to  1.6355  grams.  To  supply 
these  amounts  there  were  required  per  pot  3.0253  grams  of  dry  c.  p. 
potassium  sulfate  and  3.7441  grams  of  dry  c.  p.  sodium  sulfate. 
The  sodium  sulfate  contained  0.15  per  cent,  of  water,  hence  3.7495 
grains  per  pot  of  the  undried  material  were  used. 

The  amount  of  potash  employed  was  equal  to  360  pounds  per  acre 
of  potassium  carbonate,  containing  57.94  per  cent,  of  potassium  oxid. 
This  was  the  same  amount  of  that  salt  which  had  been  used  in  certain 
of  the  field  experiments  described  previously,  and  for  that  reason  it 
was  made  the  basis  of  manuring  in  this  case.  Seven  series  of  pots 
were  employed  in  the  experiment.  Four  in  each  series  were  devoted 
to  common  spinach,  and  three  to  barley.  The  larger  number  of  pots 
was  used  for  spinach  on  account  of  the  fact  that  only  a  few  plants 
could  be  grown  per  pot,  and  hence  any  influence  due  to  individuality 
would  be  less,  the  greater  the  number  of  pots  employed.  Both  kinds 
of  seed  were  planted  on  May  24. 

On  June  2  the  barley  plants  were  thinned  to  sixty  per  pot,  and 
on  June  9  the  spinach  plants  were  thinned  to  nine  per  pot. 

The  spinach  was  harvested,  photographed,  and  weighed,  green, 
on  July  11.  Later  the  spinach  was  dried  artificially  to  essentially 
constant  weight.  The  weight  of  the  total  crop  in  each  series  was 
unfortunately  recorded  instead  of  the  weight  of  the  crop  from  each 
pot. 


Digitized  by  VjOOQIC 


266 


R.  I.  Agl.  Expt.  Sta.  Rep.  1906. 


The  barley  was  harvested  July  28,  before  the  grain  was  fully  mature. 
The  weight  of  crop  from  each  pot  was  taken  at  once,  and  later  the 
material  was  dried  artificially,  as  in  the  case  of  the  spinach. 

On  July  15  the  pots  in  which  common  spinach  had  been  grown 
were  planted  with  New  Zealand  spinach,  and  on  August  2  these  plants 
were  thinned  to  five  per  pot.  One  plant  in  pot  No.  31  died  August 
15,  and  also  one  in  pot  No.  45,  on  August  20.  Two  of  the  spinach 
pots,  viz.,  Nos.  40  and  41,  were  accidentally  overturned  on  September 
2,  as  a  result  of  which  the  plants  were  somewhat  disturbed  and  some 
of  the  soil  in  the  pots,  was  lost.  The  lost  soil  was  at  once  replaced  by 
more  of  the  same  kind  as  was  employed  originally.  The  New  Zealand 
spinach  was  harvested  October  8,  the  weight  of  crop  from  each  pot 
being  taken  separately.  Later  the  material  was  dried  artificially 
to  practically  constant  weight. 

The  pots  which  were  devoted  to  barley  as  a  first  crop  were  planted 
the  second  time  on  July  29  with  seed  of  golden  millet.  On  September 
3  the  plants  were  finally  thinned  to  seventy-six  per  pot.  The  crop 
was  harvested  on  October  17.  The  weights  of  the  crops  given  below 
represent  the  material  which  had  been  dried  to  practically  constant 
weight  by  artifiwal  means. 

Below  follow  successively  the  results  with  the  four  crops: 


ResvUs  with  Common  Spinach,  Inclusive  of  Roots, 


Pot  No8. 


31-34 


38-41 


45-48 


Rations  of  Sodium  and  Potassium  Salts. 


Potafisium,  full  ration,  ^ 
Sodium,  i  ration.  J 

Potassium,  }  ration,      ) 
Sodium,  J  ration,  ) 

Potassium,  J  ration,     'i 
Sodium,  }  ration.  i 


If 


13.5 


10.7 


11.1 
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ResiUis  with  Common  Spinach. — Concluded. 


Pot  Nos. 


Rations  of  Sodium  and  Potaiwrium  Salts. 


^: 


52-55 


5       59-62 


66-69 


73-76 


(  Potassium,  \  ration,  ) 

(  Sodium,  \  ration.  ) 

(  Potassium,  \  ration,  ) 

I  Sodium,  none.  ) 

f  Potassium,  }  ration,  \ 

\  Sodium,  none.  S 

(  Potassium,  none,  » 

I  Sodium,  none.  ) 


8.6 


6.7 


7.9 


2.4 


The  average  yield  without  either  potassium  or  sodium  salts  was 
very  poor,  amounting  to  but  2.4  grams. 

With  the  two-third  ration  of  the  potassium  salt  the  jrield  was  7.9, 
and  when  the  two-third  ration  of  sodium  salt  was  added  to  it  the 
yield  rose  to  10.7  grams. 

The  one-third  ration  of  potassium  salt  gave  a  yield  1.2  grams  less 
than  the  two-third  ration. 

The  one-third  ration  of  potassium  salt  when  supplemented  with  a 
one-third  ration  of  sodium  salt  gave  a  yield  of  1.9  grams  greater  than 
without  the  sodium  salt. 

The  one-third  ration  of  potassium  salt  gave  a  yield  2.5  grams 
greater  when  supplemented  by  a  two-third  ration  than  where  sup- 
plemented by  only  a  one-third  ration  of  sodium  salt. 

In  no  case  were  the  yields  with  abbreviated  rations  of  potassium 
salts  equal  to  that  when  the  full  ration  of  potassium  salt  was  sup- 
plemented by  a  two-third  ration  of  the  sodium  salt. 

These  results,  taken  as  a  whole,  indicate  a  distinct  advantage  from 
the  employment  of  the  sodium  salt,  especially  when  the  potassium 
salt  was  limited  to  a  small  amount. 

17 
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Below  are  given  the  analytical  data  secured  in  connection  with 
the  crops  of  common  spinach  which  have  just  been  discussed: 


Common  Spinach  {Including  Roots).    Grown  in  Pots  in  1898. 


Ration!  of  Potaaaiuiii  and 
Sodium  Salts. 


k 


&^ 


li 


Series  No 

PotNos 

Average  yield  of  dry  matter  per 
pot  (grams) 

Analyia  cf  Dry  Matter, 

Total  silica* 

Carbon  dioxid  (PO^) 

Carbon 

Crude  ash* 

Crude  ash,  less  carbon  and  CO^. 

Potassium  oxid  (K ,  O) 

Sodium  oxid  (Na,  O) 

Phosphoric  acid  (P,  O^) 


5 
69-62 


6.7 


Percent. 


3.18 
4.31 
0.08 
20.67 
16.28 
2.44 
1.64 
0.49 


4 
52-55 


3 
45-48 


6 
66-69 


8.6 


Per  eenL 


7.33 
4.77 
0.17 
25.65 
20.71 
2.66 
2.51 
0.49 


11.1 


7.9 


Percent. 


Percent. 


7.82 
4.32 
0.16 
24.62 
20.14 
2.25 
3.05 
0.43 


6.60 
5.10 
0.10 
25.08 
19.88 
4.33 
0.54 
0.48 


2 
38-41 


10.7 


PercefU, 


4.58 
5.21 

o.ia 

23.80 

18.49 

3.21 

2.16 

0.42 


It  will  be  seen  that  upon  supplementing  a  one-third  ration  of 
potassium  salt  with  a  one-third  ration  of  sodium  salt  the  jrield  was 
increased,  the  percentage  of  phosphoric  acid  was  not  affected,  and  the 
percentages  of  both  potassium  and  sodium  oxids  were  increased. 

When  the  one-third  ration  of  potassium  salt  was  supplemented  by 
a  two-third  ration  of  sodium  salt  the  per  cent,  of  phosphoric  acid 
was  slightly  less  than  before.  The  per  cent,  of  sodium  oxid  was  in 
this  case  nearly  doubled  when  the  sodium  salt  was  added  in  the 
manures,  and  the  percentage  of  potassium  oxid  in  the  crop  was  les- 
sened.    Nevertheless  the  crop  was  actually  increased  more  than  60 

*In  view  of  the  fact  that  special  precautions  had  not  been  taken  when  harvesting  to  remove 
all  of  the  silica  possible,  the  silica  and  crude  ash  determinations  are  only  of  general  interest. 
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per  cent.     It  appears  probable,  therefore,  that  the  failure  to  secure 
larger  crops,  when  using  only  the  potassium  salt,  was  due  to  inability 
of  the  plants  to  make  the  best  use  of  the  potash  at  their  disposal 
in  the  pot,  and  of  that  which  they  had  actually  removed  from  the  soil 
unless  a  certain  amount  of  sodium  was  also  added. 

It  will  have  been  seen  from  the  table  on  page  266  that  raising  the 
supply  of  potassiimi  salt  from  a  one-third  to  a  two-third  ration  was 
followed  by  only  a  moderate  gain  in  crop.  This  fact  is  of  added 
interest  when  one  notes  that  a  two-third  ration  of  the  potassium  salt 
when  used  without  the  sodium  salt  gave  a  smaller  yield  than  was 
obtained  in  either  case  with  a  one-third  ration  of  potassium  salt  when 
the  latter  was  supplemented  by  a  one-third  and  by  a  two-third  ration 
of  sodiimi  salt.  A  fiurther  significant  feature  is  that  a  one-third 
ration  of  potassium  salt  when  supplemented  by  a  two-third  ration 
of  sodium  salt  gave  a  far  better  result  than  a  two-third  ration  ^of 
potassium  salt  when  used  without  the  sodium  salt.  Still  another 
fact  emphasizing  the  influence  of  the  sodium  salt  was  the  gain  of  over 
34  per  cent,  in  the  crop  when  the  two-third  ration  of  potassium  salt 
was  supplemented  by  a  two-third  ration  of  sodium  salt.  Attention 
should  also  be  called  to  the  fact  that  the  greater  yield  when  the 
Bodiiun  salt  was  added  was  accompanied  by  a  decrease  in  the  po- 
tassium oxid  of  over  one  per  cent,  and  of  phosphoric  acid  of  .06 
per  cent.  This  seems  to  militate  against  a  conclusion  that  the 
sodiiun  had  proved  helpful  by  virtue  of  serving  as  a  carrier  of  phos- 
phoric acid  or  as  a  liberator  of  soil  potash.  These  data  lead  rather 
to  the  conclusion  that  the  sodium  performed  some  physiological 
function  in  the  plant,  since  the  differences  are  too  great  and  the  data 
are  of  such  a  character  as  to  seemingly  preclude  that  more  than  a 
slight  portion  of  the  benefit  could  probably  have  been  due  to  any 
influence  upon  the  osmotic  pressure  of  the  soil  solution  which  the 
sodium  salt  might  have  exerted.  Again,  the  claim  that  the  sodium 
salt  might  have  influenced  the  moisture  content  of  the  soil  favorably 
could  hardly  be  allowed,  in  view  of  the  fact  that  the  pots  were  weighed 
with  suflScient  frequency  so  that  the  water  supply  was  maintained 
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within  the  most  favorable  limits.  Finally,  it  appears  unreasonable 
that  under  such  ideal  conditions  for  controlling  the  water  supply,  the 
beneficial  results  from  the  use  of  the  sodium  salt  could  be  attributable 
to  the  greater  carrying  power  of  the  sodium  for  nitric  acid  by  virtue 
of  the  greater  solubility  of  sodium  than  of  potassiimi  nitrate,  as  has 
been  suggested  by  Lawes  and  Gilbert*  and  by  Schneidewind  and 
MuUert  in  connection  with  certain  of  their  field  experiments.  In 
further  support  of  this  view  attention  is  called  to  the  fact  that  the 
nitrogen  percentages  which  have  already  been  discussed  in  connection 
with  the  crops  grown  in  the  field,  failed  to  indicate  that  the  advantage 
from  using  soda  in  those  cases  was  apparently  due  to  a  superior  car- 
r3dng  power  of  sodium  for  nitric  acid.  The  only  reason  that  nitro- 
gen determinations  were  not  made  in  this  connection  was  that  the 
volume  of  material  was  insufficient  for  the  purpose  after  completing 
tha  other  analytical  work. 

Attention  is  also  called  to  certain  earlier  work  at  this  StationJ  in 
connection  with  which  the  beneficial  influence  of  the  sodium  was  not 
apparently  accounted  for  by  the  sodium  nitrate  being  more  soluble 
than  the  potassium  nitrate  and  henc^  proving  an  especially  useful 
carrier  of  nitrogen. 

Results  with  Barley. 

The  following  table  shows  the  yields  of  barley  in  each  of  the  seven 
series,  and  the  average  yield  for  each  series: 


*PhiL  Trans,  of  Roy.  Soc.  of  London;  Series  B..  Vol  192.  pp.  186  and  190. 
tJour.  f.  Landw.  44  (1896).  p.  10;  Ibid.  46  (1898).  pp.  2-7. 
^Sixteenth  An.  Rpt.  R.  I.  Agr.  Expt.  Sta.  (1902-1903).  pp.  263-265. 
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I 


Pot  No. 


Rations  of  Potassium  and  Sodhun  Salts. 


Potassium,  full  ration . 
Sodium,  }  ration 


Potassiimi,  }  ration.. 
Sodiimi,  }  ration 


Potassium,  }  ration.. 
Sodiimi,  I  ration — 


Potassiimi,  i  ration.. 
Sodium,  }  ration. . . . 


Potassium,  }  ration- 
Sodium,  none 


Potassiimi,  f  ration- 
Sodium,  none 


Potassium,  none. 
Sodiimi,  none — 


ill 


(38.95 
^  34.91 
(38.88 

(  39.85 

<  17.81* 
(41.04 

(36.26 
-{28.31 
(38.85 

535.89 
39.85 
37.83 

!  31.28 
34.39 
31.64 

(35.05 

•^56.80 
(37.59 

(17.29 

<  9.97 
(  19.32 


mi. 

< 


37.6 


40.5 


34.5 


37.9 


32.4 


43.2 


15.5 


*Thi0  resxilt  was  for  some  reason  abnormally  low,  and  henoe  it  was  omitted  from  the  average. 

It  will  be  seen  that  the  average  3rield  without  potassium  or  sodium 
salts  was  but  15.5  grams,  and  that  the  addition  of  a  one-third  and 
two-third  ration  raised  the  3rield  to  32.4  and  43.2  grams,  respectively. 

The  employment  of  a  one-third  ration  of  sodium  salt  in  addition' 
to  a  one-third  ration  of  potassium  salt  resulted  in  a  gain  of  5.5  grams, 
but  the  addition  of  a  further  one-third  ration  of  sodium  salt  was 
followed  by  no  increase  in  the  3rield. 

A  two-third  ration  each  of  sodium  and  potassium  salt  gave  no 
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larger  3rield  than  the  two-third  ration  of  the  potassium  salt  when  the 
latter  was  employed  alone. 

The  full  ration  of  potassium  salt  used  with  a  two-third  ration  of 
sodium  salt  gave  a  smaller  average  3rield  than  a  two-third  ration  of 
both,  but  this  may  have  no  significance  owing  to  the  variation  in  the 
yields  from  individual  pots. 

The  evidence  afforded  by  these  results  is  to  the  effect  that  a  one- 
third  ration  of  potassium  salt  was  not  enough  for  the  needs  of  the 
plants,  but  that  a  two-third  ration  was  probably  ample.  Some  evi- 
dence was  afforded  that  a  two-third  ration  of  sodium.salt  used  with 
a  one-third  ration  of  potassium  salt  was  beneficial.  A  still  more 
positive  benefit  resulted  from  adding  only  a  one-third  ration  of  sodium 
salt  to  the  one-third  ration  of  potassiimi  salt;  or  in  other  words,  the 
sodium  salt  seemed  to  be  helpful  where  the  supply  of  potassimn  salt 
was  quite  limited. 

At  this  point  a  consideration  of  the  anal3rtical  data  obtained  in 
connection  with  the  barley  may  be  of  interest.  In  order  to  secure 
a  basis  for  judging  whether  the  anal}r8es  of  individual  crops  within 
a  given  series  would  show  as  great  differences  as  those  between 
different  series,  anal3rses  were  made  of  the  crop  from  every  pot  in 
two  different  series.  These  individual  results  and  the  averages  for 
each  series  are  given  below: 
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Barley  Plants  (Aerial  Portion),  Grown  in  Pots  in  1898. 


Ration. 


Series  and  Pot  Nos. 

Yield  in  grams  of  dry  matter 
per  pot 

Total  silica 

Carbon  dioxid  (CO^) 

Carbon 

Crude  ash 

Crude  ash,  less  carbon  and  CX)< 

Potassiimi  oxid  (K2O) 

Sodium  oxid  (Na  2O) 

Nitrogen • 


i  Ration  Potsasium. 
No  Sodium. 


Series  5. 
Pot  Nos.  63-66. 


31.28 


1^1 


34.39 


31.64 


1.58 
0.45 
0.09 
7.31 
6.76 
1.71 
0.19 
2.50 


ill 


1.51 
0.49 
0.08 
7.08 
6.50 
1.59 
0.15 
2.49 


Av. 

32.4 


s.9§  I 


1.42 
0.32 
0.07 
6.40 
6.00 
1.64 
0.18 
2.53 


1.50 
0.42 
0.08 
6.93 
6.42 
1.65 
0.17 
2.51 


i  Ration  Potassium. 
k  Ration  Sodium. 


Series  4. 
Pot.  Nos.  66-58. 


35.89 


39.85  37.83 


^•si 


1.38 
0.49 
0.08 
7.21 
6.64 
1.67 
0.39 
2.63 


1.39 
0.42 
0.07 
6.62 
6.13 
1.51 
0.35 
2.36 


§11 


1.34 
0.38 
0.07 
6.83 
6.37 
1.56 
0.36 
2.33 


Av. 
37.9 


1.37 
0.43 
0.07 
6.89 
6.38 
1.58 
0.37 
2.44 


So  far  as  the  sodium  oxid  is  concerned  there  can  be  no  escape  from 
the  conclusion  that  the  percentage  was  unquestionably  influenced 
by  the  amounts  applied  in  the  manures.  It  will  also  be  observed 
that  the  yield  was  greater  when  a  one-third  ration  each  of  sodium 
and  potassium  salt  was  employed  than  when  the  sodium  salt  was 
omitted. 

•  The  average  per  cent,  of  potassium  oxid  in  the  dry  plants  was 
slightly  less  with,  than  without,  the  addition  of  the  sodium  salt,  which 
lends  no  support  to  a  conclusion  that  the  sodium  salt  had  been  bene- 
ficial by  virtue  of  aiding  the  plant  to  take  up  more  potassium,  even 
though  more  may  have  been  freed  in  the  soil. 

It  will  be  seen  that  the  per  cent,  of  sodium  oxid  in  the  plants 
had  been  more  than  doubled  where  the  extra  sodium  salt  had  been 
applied. 

The  amount  of  material  was  so  small  that  after  completing  the 
other  determinations  too  little  remained  to  permit  of  determinations 


Digitized  by  VjOOQIC 


274 


R.  I.  AoL.  ExPT.  Sta.  Rep.,  1906. 


of  phosphoric  acid,  hence  the  influence  of  the  sodium  salt  upon  the 
phosphorus  content  of  the  plants  could  not  be  ascertained.  From 
the  investigations  in  this  line  in  connection  with  the  field  crops 
(pp.  194-214)  it  will  be  recalled  that  the  use  of  sodium  chlorid,  and 
even  more  strikingly  of  sodium  carbonate,  resulted  in  most  cases  in 
an  increase  in  the  percentage  of  phosphorus;  though  the  nature  of 
the  results  was  such  that  this  increase  seemed  to  be  probably  coin- 
cident with,  rather  than  a  cause  of,  the  gain  in  crop. 

In  this  particular  instance  the  nitrogen  percentages,  as  a  whole, 
are  such  that  they  lend  no  support  to  the  idea  that  the  sodium  salt 
may  have  increased  the  yield  by  virtue  of  soda  having  proved  su- 
perior to  potash  as  a  carrier  of  nitric  acid  to  the  plant.  The  results 
on  the  whole  are  unlike  those  obtained  with  the  conamon  spinach, 
which  seemed  to  show  unmistakable  benefit  from  soda  in  some 
physiological  capacity. 

Results  with  New  Zealand  Spinach, 

,The  table  given  below  shows  the  individual  and  the  average  yields 
of  New  Zealand  spinach  in  each  of  the  seven  series : 


Rations  of  Potassium  and  Sodium  Salts. 


Potassium,  full  ration 
Sodium,  J  ration 

Potassiimi,  }  ration. . 
Sodium,  }  ration 

Potassium,  }  ration . . 
Sodium,  i  ration 


31.7 


27.3 


29.1 


^Probably  injured  at  the  sameltime  that  pots  40  and  41  were  overturned.     Omitted  from 
average. 

tOvertumed  by  accident,  and  injured.     Omitted  from  average. 
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Remits  with  New  Zealand  Spinach. — Concluded. 


52^ 
53| 
54 
56^ 

60  I 
611 
62. 

66' 
671 
68  I 
69, 

73^ 

74| 
75( 
76. 


Rations  of  Potassium  and  Sodium  Salta 


Potassium,  }  ration 
Sodium,  i  ration. . . 

Potassium,  }  ration 
Sodium,  none 

Potassiiun,  f  ration 
Sodium,  none 

Potassiiun,  none 

Sodiiun,  none 


111 


(30.6 
\27.6 
■J  32.0 
(27.7 


if 


29.4 


25.1 


28.0 


22.6 


It  will  be  seen  that  relatively  better  results  were  secured  with  New 
Zealand  spinach  without  the  aid  of  potassic  manures  than  with  either 
common  spinach  or  barley.  This  may  have  been  due  to  the  low 
feeding  power  of  common  spinach  for  potash,  previouslj'*  pointed  out 
at  this  Station,  a  factor  possibly  affecting  the  barley  in  a  similar  way. 

The  use  of  a  one-third  ration  of  the  potassium  salt  increased  the 
average  crop,  but  not  to  as  great  an  extent  as  a  two-third  ration. 

By  the  employment  of  a  one-third  ration  of  sodium  salt  in  addition 
to  the  one-third  ration  of  potassium  salt  a  slight  gain  in  crop  ap- 
parently resulted,  but  the  addition  of  a  further  one-third  ration  of 
sodium  salt  was  not  shown  to  be  advantageous.  The  single  result 
where  a  two-third  ration  of  each  salt  was  used  is  not  worthy  of  con- 
sideration. 

A  slightly  better  average  result  was  secured  with  a  full  than  with 

18 
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a  one-third  ration  of  potassium  salt  when  it  was  supplemented  in 
both  cases  by  a  two-third  ration  of  sodium  salt. 

In  the  absence  of  analytical  data  little  evidence  is  afforded  whether 
the  benefit  from  the  sodium  in  the  presence  of  small  amounts  of  po- 
tassium was  due  to  a  liberation  of  potassium  or  to  other  causes. 

ResvUs  with  Golden  Millet. 


RationB  of  PoiaMium  and  Sodium  Salts. 


Potassium,  full  ration 
Sodium,  I  ration . . . . . 

Potassiimi,  }  ration. . 
Sodium,  f  ration 

Potassium,  i  ration. . 
Sodium,  }  ration .... 

Potassium,  J  ration. . 
Sodium,  i  ration .... 

Potassium,  i  ration. . . 
Sodium,  none 

Potassium,  §  ration. . . 
Sodium,  none 

Potassium,  none 

Sodium,  none 


^^ 


m 


35.2 

[42.0 

40.2 

'29.0 

I  32.7 

40.4 

29.9 
31.4 
36.6 


ml 


39.1 


34.0 


32.6 


34.0 


32.6 


45.5 


21.9 


It  appears  from  the  foregoing  table  that  the  average  yield  without 
the  use  of  sodium  and  potassium  salts  was  21.9  grams;  with  a  one- 
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third  ration  of  potassium  salt  it  was  32.6  grams,  and  with  a  two-third 
ration  it  was  45.5  grams. 

The  individual  results  in  series  No.  5  were  of  such  a  character  that 
no  positive  evidence  of  benefit  was  afforded  when  a  one-third  ration 
of  sodium  salt  was  added  to  a  one-third  ration  of  the  potassium  salt. 
However,  the  addition  of  a  two-third  ration  of  sodium  salt  was  un- 
accompanied by  apparent  benefit.  Supplementing  the  two-third 
ration  of  potassium  salt  with  a  two-third  ration  of  sodium  salt  was 
evidently  disadvantageous.  The  full  ration  of  potassium  salt 
supplemented  with  a  sodium  salt  gave  poorer  result  than  the  two- 
third  ration  of  potassium  salt  when  used  alone. 

If  the  benefit  derived  from  the  sodium  in  connection  with  the 
common  spinach  was  actually  attributable  to  its  having  liberated 
potash  it  would  have  naturally  been  expected  that  it  would  benefit 
millet  distinctly,  which  was  not  the  case.  The  other  data  seem  to 
show  that  increased  applications  of  potassium  salts  were  usually 
beneficial  even  in  the  presence  of  the  sodium  salt,  a  fact  which  still 
further  strengthens  the  idea  that  the  sodium  may  have  been  of  some 
physiological  value  to  the  common  spinach  when  the  supply  of  po- 
tassium was  quite  limited. 

Pot  Experiments  with  Sodium  Salts  in  1899. 

The  pot  experiments  with  sodium  salts  in  1899  ^ere  conducted 
with  the  identical  soil  and  pots  which  were  used  in  1898,  excepting 
that  the  soil  of  pot  No.  35  was  transferred  to  pot  No.  80.  Each  pot 
in  the  entire  lot  received  2.3  grams  of  magnesium  sulfate  and  12.2 
grams  of  dissolved  bone-black.  In  addition,  each  received  2.3  grams 
of  ammonium  nitrate,  which  was  applied  in  solution  on  July  4  just 
before  watering  the  plants.   . 

The  full  ration  of  sodium  was  supplied  by  2.4994  grams  of  c.  p. 
sodiiftn  sulfate,  containing  .15  per  cent,  of  water,  and  the  full  ration 
of  potassium  was  furnished  in  3.0253  grams  of  dry  c.  p.  potassium 
sulfate. 
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An  attempt  was  made  to  grow  common  spinach  in  the  pots  in 
which  the  two  kinds  of  spinach  were  grown  the  year  before,  but  the 
seed  was  poor,  and  the  stand  was  so  irregular  that  crimson  clover 
was  finally  substituted.  This  also  so  nearly  failed  as  to  render  the 
results  worthless. 

Barley  was  planted  twice  in  the  pots  which  were  devoted  to  barley 
the  previous  year,  but  the  stand  was  so  irregular  that  oats  were  finally 
planted  in  its  place  on  Jime  22. 

On  July  4  the  oat  plants  were  thinned  so  as  to  leave  sixty  in  each 
pot.  The  entire  crop  was  harvested  on  August  25,  before  the  seed 
was  fully  ripened,  a  procedure  which  was  necessitated  by  the  lack 
of  suitable  protection  from  birds^  Below  are  given  the  weights  of 
the  material  after  it  was  oven  dried  in  the  laboratory: 

Table  Showing  the  Individual  and  Average  Yields  of  the  Oats. 


o 

I 


RationB  of  Potucium  and  Sodium  S»lU. 


It 


Potaasium,  full  ration 
Sodium,  }  ration 

Potassium,  f  ration. . . 
Sodiimi,  f  ration 

Potassium,  i  ration. . . 
Sodium,  }  ration 

Potassiiun,  i  ration. . . 
Sodiiun,  i  ration 

Potassium,  )  ration. . . 
Sodium,  none 


[44.5 

42.9 

[50.1 

^47.9 
47.0 

'47.7 

'45.7 

50.8 

'47.9 

'47.2 
45.9 
49.4 

45.0 
53.4 
51.6 


45.8 


47.5 


47.5 


50.0 
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Individtud  and  Average  Yield  of  the  Oats. — Concluded. 


RationB  of  PotMriam  and  Sodium  Salts.' 


II 


1 


l^^ 


70) 
72) 


Potassium,  f  ration 
Sodium,  none 

Potassium,  none . . 
Sodium,  none 


(53.7 
\  53.8 
(50.7 

(43.1 
J  43.4 
(43.1 


52.7 


43.2 


In  series  1,  the  results  in  two  of  the  three  cases  were  of  such  a 
character  that  no  positive  evidence  of  benefit  from  the  employment 
of  the  two-third  ration  -of  sodiimi  salt  was  afforded,  even  in  the 
presence  of  the  considerable  amounts  of  potash  which  were  unques- 
tionably present  in  the  soil  naturally. 

The  use  of  a  two-third  ration  of  potassium  salt  seemed  to  have 
unquestionably  increased  the  yield,  as  indicated  by  the  average  and 
individual  results.  The  further  addition  of  the  sodium  salt  at  the 
rate  of  a  two-third  ration  apparently  depressed  the  3rield. 

A  one-third  ration  of  potassium  salt  proved  helpful  in  a  slightly 
less  degree  than  twice  the  amount,  and  when  supplemented  with 
a  one-third  and  a  two-third  ration  of  sodimn  salt  no  apparent  benefit 
resulted.  It  was  most  imfortimate  that  no  data  were  secured  with 
spinach,  for  they  might  have  shown  quite  a  different  result  from 
that' secured  with  the  oat,  since  the  latter  plant  is  probably  the  most 
powerful  potash  feeder  among  the  cereals;  and  judging  by  other  ob- 
servations at  this  Station,  it  is  probably  far  less  likely  to  be  helped 
by  soda  than  many  other  varieties  of  plants. 

Owing  to  the  fact  that  the  means  for  conducting  further  extended 
pot  experiments  were  withdrawn,  this  particular  line  of  experiments 
in  ordinary  soil  was  necessarily  discontinued. 
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Experiments  with  Quartz  Sand. 

The  quartz  sand  employed  in  this  experiment  was  such  as  is  used 
in  the  manufacture  of  sand-paper.  It  was  nearly  white  but  con- 
tained occasional  colored  particles.  The  sand  was  digested  the 
greater  part  of  several  dajrs  with  hot  concentrated  sulfuric  acid  and 
was  then  washed  practically  free  from  acid  by  the  use  of  ordinary 
well-water  coming  from  granitic  rock,  after  which  the  balance  of  the 
necessary  washing  was  done  with  distilled  water.  Six  small  pots 
were  employed  in  the  experiment,  each  of  which  contained  between 
eleven  and  twelve  pounds  of  sand. 

The  following  materials  were  added  to  each  pot,  viz. : 

1  gram  calcium  carbonate,  c.  p. 

1  gram  di-magnesium  hydrogen  phosphate,  hydrous,  c.  p. 

25  c.c.  of  a  solution  of  c.  p.  calcium  nitrate,  containing  0.025  gram 
of  nitrogen. 

1  c.c.  of  d.  p.  ferric  chlorid  solution  made  by  dissolving  four  grains 
of  ferric  chlorid  in  100  c.c.  of  water. 

The  pots  were  next  divided  into  three  series,  which  received  further 
materials  as  follows: 

Series.  Pot  Nob. 

No.  1.  1  and  2 0.3700  gram  c.  p.  potassium  sulfate  containing  0.200 

gram  of  potassiimi  oxid  (Kfi)  and  0.1700  gram 
SO3. 

No.  2.  3  and  4 0.1850  gram  c.  p.  potassiimi  sulphate  contiuning  0.085 

gram  of  SO3;  and  also  0.1513  gram  of  c.  p.  sodium 
sulfate  containing  0.085  gram  SOa- 

No.  3.  5  and  6 0.1850  gram  c.  p.  potassiiun  sulfate   contiuning  0.085 

gram  SOg;  and  also  0.1812  gram  of  c.  p.  calcium 
sulfate  containing  0.085  gram  SO3. 

On  August  8,  1900,  twenty-seven  barley  seedlings  were  set  in  each 
pot.  The  pots  were  kept  in  the  laboratory  and  glasshouse  until 
April  6,  1901.  The  plants  throughout  failed  to  thrive  properly. 
Following  the  barley,  spring  rye  was  planted,  but  after  some  time 
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its  unhealthy  appearance  became  so  marked  that  the  reaction  of  the 
sand  upon  litmus  paper  was  tested,  whereupon  it  was  found  to  be 
alkaline.  Accordingly  all  of  the  pots  were  watered  with  equal 
amounts  of  very  dilute  nitric  acid,  which  resulted  in  marked  im- 
provement, though  the  plants  never  possessed  a  perfectly  normal 
appearance.  It  is  possible  that  at  least  a  part  of  the  benefit  derived 
from  the  nitric  acid  may  have  been  due  to  its  suppl3ring  nitrogen  to 
the  plants  as  well  as  acting  as  a  neutralizer  of  alkalinity. 

Below  are  given  the  weights  of  thoroughly  air-dried  material  ob- 
tained in  the  two  crops : 
• 

Series.         Pot  No.  Bariey  PUnte.  Grams.  Rye  Plants.  Grains. 

No.  1.  1 4.32  2.89 

2 6.05  1.67 

No.  2.  3 3.79  2.00 

4 4.41  2.11 

No.  3.  5 6.85  2.10 

6 5.82  1.20 

Taking  both  crops  into  consideration,  the  results  in  series  3,  where 
calcium  was  substituted  for  some  of  the  potassium,  were  better  than 
in  series  2,  where  sodium  was  substituted.  The  conditions  of  the 
experiment  and  the  individual  results  are  so  variable,  however,  that 
it  seems  probable  that  other  factors  had  more  to  do  with  the  size 
of  the  crop  than  the  presence  or  absence  of  sodium,  and  little  weight 
is  attached  to  the  results  in  their  bearing  upon  the  question  of  the 
utilization  of  sodium  in  the  absence  of  sufficient  potassium. 

During  the  growth  of  the  first  crop  the  lower  leaves  were  continually 
djdng,  and  there  was  an  unusual  roughness  to  the  leaves  suggesting 
the  accumulation  of  excessive  amounts  of  silica.  The  data  are 
given  here  merely  to  show  what  occurred  under  the  conditions,  and 
not  on  account  of  their  being  of  particular  value  in  their  bearing 
upon  the  soda  question. 

It  is  hoped  that  the  results  may  possibly  prove  of  aid  to  others  who 
may  be  investigating  this  subject. 
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Experiments  in  Sand  Culture  in  1905, 

The  same  kind  of  sand  was  employed  in  this  experiment  as  in  that 
described  above,  though  it  was  not  previously  digested  with  acid. 
The  zinc  pots  which  were  employed  were  of  the  Wagner  pattern, 
eight  inches  deep  and  eight  inches  in  diameter/  They  were  coated 
on  the  inside  with  paraffin  in  order  to  obviate  in  so  far  as  possible 
any  danger  from  zinc  poisoning.  Seven  kilograms  of  the  sand  were 
placed  in  each  pot.  The  dry  sand  absorbed  water  to  the  extent  of 
2.8  kilograms  per  pot.  All  of  the  pots  received  the  following  ma- 
terials: 

2.00  grains  di-magnesium  hydrogen  phosphate,  hydrous,  c.  p. 
0.320  gram  potassium  chlorid,  recr3nBtallized. 
0.215  gram  calcium  carbonate,  c.  p.  (equivalent  to  the  amount  of 
chlorin  in  the  potassium  chlorid). 
0.200  gram  calcium  sulfate,  c.  p. 
2  c.c.  ferric  chlorid  solution  (4-100). 
25  c.c.  calcium  nitrate  solution  (containing  0.025  gram  of  nitrogen). 

Pots  Nos.  104  and  106  received  nothing  further. 

In  addition  to  the  applications  in  the  pots  just  mentioned,  pots 
Nos.  106  and  107  received  each  1.16  grams  of  c.  p.  sodium  chlorid. 
Pots  Nos.  108  and  109  received  1.66  grams  of  c.  p.  calcium  chlorid 
in  place  of  the  sodium  chlorid. 

One-half  of  the  above  amounts  of  sodium  chlorid  and  of  calcium 
chlorid  per  liter  should,  according  to  Pfeflfer,  produce  the  same  os- 
motic pressure. 

On  May  18  twenty-five  selected  sprouted  seeds  of  the  early  long 
scarlet  radish  were  planted  in  each  pot,  after  which  two  liters  of  water 
were  also  added  to  each.  The  pots  were  placed  on  trucks  and  were 
kept  out  of  doors  or  under  the  shelter  of  a  glasshouse,  as  necessitated 
by  the  climatic  conditions.  The  desired  number  of  good  plants  was 
for  various  reasons,  not  obtained,  one  of  which  was  that  the  sand 
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seemed  to  hold  the  leaves  down  so  that  the  roots  tended  in  some 
cases  to  turn  upward.  Accordingly  on  June  1st  nineteen  unsprouted 
seeds  of  the  largest  size  were  planted  in  each  pot  at  a  depth  of  one 
inch  and  covered  lightly.  On  June  9  a  second  application  of  25  c.c. 
of  the  calcium  nitrate  solution  was  made  to  each  pot.  The  same 
application  was  made  again  on  June  17.  Red  litmus  paper  was 
found  at  this  time  to  be  turned  blue  in  spots  when  pressed  between 
the  sand  grains,  which  was  supposedly  due  to  the  presence  of  small 
particles  of  the  calcium  carbonate  which  was  originally  introduced 
into  the  sand.  The  plants  were  abnormally  light  green  in  color, 
and  the  petioles,  veins,  and  edges  of  the  leaves  had  a  reddish  hue. 

On  June  19  a  solution  containing  2  c.c.  of  nitric  acid  (Sp.  gr.  1.42) 
in  2,000  c.c.  of  water  was  prepared  and  100  c.c.  of  this  solution  were 
added  to  each  pot.  The  plants  did  not  make  a  normal  growth  at  any 
time,  notwithstanding  that  a  solution  of  calcium  nitrate  was  added 
from  time  to  time  to  insure  that  there  should  be  no  lack  of  nitrogen. 
The  lower  leaves  continued  to  die  and  drop  oflf,  thereby  adding  a 
certain  amount  of  organic  matter  to  the  sand. 

Thirteen  plants  were  finally  left  in  each  pot.  On  September  11 
some  of  the  plants  in  pot  No.  104  gave  such  marked  evidence  of 
dying  that  the  plants  in  all  of  the  pots  were  harvested.  The  roots 
were  long  and  fibrous  and  were  tenaciously  attached  to  the  sand,  and 
many  of  the  plants  failed  to  develop  in  the  usual  form. 

Below  are  given  the  diameters,  at  the  largest  place,  of  the  radishes 
in  each  pot,  which  exceeded  6  m.m.  in  diameter: 

Pot  No.  No.  of  Plante.  No.  of  M.M.  in  Diameter. 

104 5  15-16-10-^7. 

105 7  8-13-8-13-17-10-7. 

106 9  8-13-11-11-18-9-8-12-10. 

107 7  * 7-12-10-12-11-14. 

108 8  10-17-9-11-12-11-11-10. 

109 9  12-13-14-15-12-9-9-13-9. 

The  material  harvested  represents  the  entire  plants.  Below  are 
given  the  relative  weights  of  oven-dry  material : 

19 
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Pot  No.  PoiaMium  Chlorid  and  Other  Chlorida  AppUed.               Weifffat  in 

104  )  Small  amount  of  potassium  chlorid (  2.394 

105  )  but  neither  sodium  nor  calcium  chlorid (  2.246 

106  )  Same  potassium  chlorid  as  Nos.  104  and  105 (  3.584 

107  )  plus  sodium  chlorid,  but  with  no  calcium  chlorid (  2.920 

108  >  Same  potassium  chlorid  as  above,  plus  calcium  chlorid. . .  (4.521 

109  )  but  no  sodium  chlorid (  3.791 


Such  indications  as  are  afforded  by  this  experiment  are  to  the 
effect  that  better  results  were  secured  by  adding  either  sodium  chlorid 
or  calcium  chlorid  to  the  potassium  ration  than  by  the  use  of  the 
latter  alone,  and  that  the  sodium  salt  was  probably  less  efficacious 
than  the  calcium  chlorid.  The  data  are,  however,  too  few  and  the 
individual  results  too  variable  to  justify  drawing  any  conclusions 
on  this  particular  point,  and  they  are  merely  presented  as  a  matter 
of  record  with  the  hope  that  they  may  have  some  future  value  by 
way  of  comparison  with  other  possible  experiments  here,  or  elsewhere. 
Below  are  the  analytical  data  that  were  obtained  in  connection  with 
the  total  product  of  each  of  the  three  series  of  pots : 

Early  Long  Scarlet  Radish,  Entire  Plant.    Grown  in  Qwartz  Sand,  1905. 


u 

Per  cent,  in  Dry  Mattm*. 
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104 

2.394 

28.321 

11.069 

1.206 

3.562 

1.894 

105 

2.246 

25.481 

6.385 

1.357 

3.724 

1.710 

106* 

3.584 

20.887 

4.233 

3.667 

2.392 

1.911 

107* 

2.920 

22.062 

5.322 

3.592 

1.920 

1.412 

lost 

4.521 

18.133 

3.338 

0.763 

3.242 

1.479 

109t 

3.791 

18.056 

3.197 

0.672 

3.572 

1.744 

*With  addition  of  sodium  ohlorid. 
tWith  addition  of  oaldum  ohlorid 
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The  preceding  results  give  indications,  as  has  been  said,  that  sodium 
chlorid  was  less  helpful  than  calcium  chlorid,  or  quite  the  opposite 
result  from  that  obtained  in  somewhat  similar  experiments  by  Atter- 
berg.*  It  is  evident,  from  the  medium  used  and  from  the  anal3rses, 
that  the  influence  of  these  salts  must  have  been  other  than  as  libera- 
tors of  potassium  or  as  substitutes  for  that  element.  In  fact  it  will 
be  observed  that  the  percentages  of  potassiiun  oxid  in  the  plants 
were  depressed  by  the  addition  of  sodium,  from  3.562  and  3.724  to 
2.392  and  1.920,  at  the  same  time  the  percentages  of  sodium  oxid 
in  the  crop  were  almost  trebled  notwithstanding  that  those  of  phos- 
phoric acid  were  not  materially  affected.  At  the  same  time  the 
percentages  of  silica,  which  were  11.069  and  6.385  without  the  ad- 
dition of  soda,  dropped  to  4.233  and  5.322;  and  where  the  calcium 
chlorid  was  used  they  dropped  to  3.338  and  3.197.  It  cannot  well 
be  claimed  that  the  benefit  from  the  sodiiun  chlorid  was  due  to  direct 
manurial  action,  for  the  growth  with  calcium  chlorid  was  still  better, 
with  only  about  half  as  much  soda  in  the  dry  matter,  than  where 
neither  the  sodium  nor  calcium  salt  was  employed.  The  inference 
seems  to  be  that  the  poor  growth  was  due  very  largely  to  the  fact 
that  the  silica  was  highly  soluble  and  that  the  entrance  of  large 
amounts  of  it  into  the  plant  inhibited  growth.  It  is  of  interest  that 
the  calcium  chlorid  should  have  proved  beneficial  when  one  recalls 
that  some  calcium  carbonate  had  been  used  in  all  of  the  pots. 

It  appears  probable  that  a  part  of  the  benefit  from  using  the 
sodium  and  calcium  chlorids  may  have  been  due  to  the  union  of  the 
bases  with  the  soluble  silica,  by  which  zeolitic  compounds  were 
formed,  in  consequence  of  which  the  entry  of  such  large  amounts 
of  silica  into  the  plant  became  impossible,  or  else  these  salts  lessened 
the  ionization  of  silicon  compounds. 

The  sand  which  has  just  been  mentioned  had  not  been  treated  with 
hydrochloric,  nor  other,  acid.  In  this  connection  it  will  be  recalled 
that  Hellriegel  and  Wilfarthf  state  that  sand  which  has  been  treated 

•Dent.  Landw.  Prewe.  1891.  p.  1035.  Abs.  E.  S.  R..  3.  p.  554. 
tArb.  Deut.  Landw.  QeseU.  (1898).  Heft.  34.  pp.  20.  21. 
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with  hydrochoric  acid  must  be  heated  to  at  least  400*^  C.  in  order  to 
make  it  a  suitable  culture  medium  for  plants;  and  they  confess  to  a 
doubt  whether  the  benefit  from  heating  was  due  to  removal  of  final 
traces  of  hydrochloric  acid  or  to  rendering  the  silica  more  insoluble, 
though  they  incline  to  the  latter  view.  These  results  therefore  con- 
firm the  idea  that  the  rendering  of  the  silica  insoluble  was  probably 
the  chief  reason  for  benefit  by  heating,  and  they  further  indicate  that 
crushed  silica,  whether  treated  with  acid  or  not  at  the  outset,  should 
probably  be  heated  to  400®  C.  before  using  in  culture  experiments. 
It  is  hoped,  therefore,  that  though  this  experiment  failed  in  its  prime 
object  it  may  have  thrown  useful  light  upon  the  conditions  essential 
to  success  in  sand  culture. 

Concerning  the  Presence  op  Sodium  in  Plants. 

The  presence  of  more  or  less  sodium  in  cultivated  plants  seems  to 
be  practically  universal,  yet  the  quantities  present  in  different  por- 
tions of  any  given  plant  may  vary  widely. 

Peligot,  who,  according  to  Pagnoul,*  first  pointed  out  the  difference 
in  the  action  of  sodium  and  potassium  upon  plants,  made  soda  de- 
terminations in  many  varieties  of  plantsf  and  claimed  that  the  ash 
of  most  agricultural  plants,  including  spinach,  contained  none,  yet 
he  found  it  in  species  of  Atriplex  and  Chenopodium  and  in  fodder 
beets. 

BungeJ  called  attention  to  the  fact  later  that  the  method  of  analy- 
sis employed  by  Peligot  was  not  reliable.  Peligot,  however,  re- 
peated some  of  his  earlier  work,§  taking  special  precautions  against 
the  loss  of  soda,  as  a  result  of  which  he  again  declared  that  the  ash 
of  certain  plants  contains  no  soda  whatever.  Deh6rain||  also  asserts 
that  potatoes  grown  in  some  of  his  own  experiments,  in  which  sodium 
salts  were  used  as  manures,  were  found  to  contain  no  sodium. 

•Ann.  Agron.  20  (1894),  p.  467. 

tCompt.  Rend.  Acad.  Sci.  [Paris],  2  (1867).  p.  729;  and  later  issues  of  the  same  journal 
^Annal  de  Chem.  und  Pharm.  172.  p.  16. 

fCompt.  Rend.  Acad,  Sci.  [Paris],  76  (1873),  p.  1113.     Abs.  Centbl.  Agr.  Chem.  4(1873),  pp- 
222-226. 

|Ann.  Agron.  9  (1883).  p.  511. 
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As  early  as  1875  Pagnoul*  stated  that  potatoes  manured  liberally 
with  potassium  contained  no  sodium  whatsoever,  not  even  though 
sodium  was  present  in  the  soil.  Later  Pagnoulf  states  that  sodium 
may  be  absent  entirely  if  large  amounts  of  potassium  salts  are  used 
as  manures.  He  further  adds  that  when  sodium  salts  were  applied 
in  large  quantities  to  a  white  silicious  soil,  potatoes  contained  notable 
quantities  of  it,  but  he  claimed  that  in  an  ordinary  cultivated  soil, 
under  the  same  conditions,  appreciable  quantities  of  sodium  would 
not  be  present  in  the  tubers.  Oats  he  found  to  absorb  soda  in  case 
potash  was  lacking. 

SjoUema J  says  that  soda  is  not  present  in  potato  tubers,  even  when 
large  amounts  are  applied  in  the  manures.  C.  A.  Cameron§  also 
found  it  almost  Wanting  in  potatoes  grown  within  a  few  feet  of  the 
ocean,  and  other  tubers  grown  further  inland,  where  there  was  less 
soda,  actually  contained  more  of  it. 

Z6ller||  found  5.10  per  cent,  of  soda  in  the  ash  of  the  stems  of  beans 
which  had  received  sodium  salts  in  the  manures,  but  where  the  sodium 
salt  was  not  employed  the  percentage  in  the  stems  amounted  to  but 
1.36. 

It  has  been  stated  that  Contejean  and  Guitteau**  determined  the 
percentages  of  potash  and  soda  in  over  600  varieties  of  plants. 
Abundant  data  are  to  be  found  in  Wolff's  familiar  tabulation  of  ash 
analyses,  and  it  only  remains  to  add  that  the  percentages  of  soda 
vary  greatly  from  the  minute  quantities  which  may  be  present  in  the 
potato  tuber  to  about  40  per  cent.,  the  amount  reported  by  Hilgardft 
to  have  been  found  in  the  ash  of  the  grease-wood  {Sarcohaius  vermi- 
culatus). 

E.  von  Wolff  J  J  gives  a  fine  illustration  of  the  wide  variations  in  the 

•Compt.  Rend.  Acad.  Sd.  [Paris],  80  (1875) ,  p.  1010.     Abs.  Jahreaber.  Agr.  Chem.  18.  p.  269. 
tAnn.  Agron.  20  (1894),  pp.  467-479. 
tJour.  Landw.  (1899),  p.  357. 
fAbs.  Jahresber.  Agr.  Chem.  4,  p.  148. 
Pour.  Landw.  (1867),  p.  309. 

♦♦(Jompt.  Rend.  Acad.  Sci.  [Paris]  (1878),  86  pp.  1161-1153;  Abs.  Centbl.  Agr.  Chem.  (1879). 
p.  38. 
tt  Jahresber.  Agr.  Chem.  (1892).  p.  183. 
ULandw.  Vers.  Stat.  10,  p.  371. 
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relative  amounts  of  soda  and  of  potash  which  resulted  in  oat  plants 
grown  in  water-culture  experiments.  It  is  useless  here  to  further 
multiply  illustrations  of  this  character.  One  cannot  wonder,  under 
the  circumstances,  that  the  attention  of  both  agricultural  chemists 
and  plant  physiologists  was  long  since  directed  to  the  solution  of  the 
problem  of  the  action  which  sodium  exerts  upon  the  soil  and  to 
its  functions  in  the  plant. 

Sodium  as  an  Indirect  Manubb. 

It  has  already  been  abundantly  established  by  various  experi- 
menters that  upon  applying  sodium  salts  to  ordinary  soils,  soluble 
compounds  of  potassium  are  usually  formed,  and  the  very  high 
efficiency  of  sodium  chlorid  in  this  particular,  under  exaggerated 
conditions,  has  been  well  shown  by  Passerini.* 

B.  Dyerf  claimed  that  common  salt  had  a  high  value  "  as  a  dressing 
for  cabbage  when  a  sufficiency  of  other  manurial  ingredients  is 
present."  It  seems  doubtful,  however,  if  he  was  siure  of  the  "suf- 
ficiency" mentioned.  At  all  events,  upon  soils  where  the  German 
golden  millet  and  certain  other  plants  thrive  almost  to  perfection, 
the  cabbage  may  fail  completely  from  lack  of  phosphoric  acid,  in 
view  of  which  the  sodium  salt  may  have  proven  beneficial  by  virtue 
of  liberating  phosphoric  acid.  Storerf  cites  Dyer  to  the  effect  that 
common  salt  seems  to  be  needed  to  bring  out  the  full  action  of  phos- 
phates and  nitrates. 

Birner  and  Lucanus§  in  their  early  work  found  that  sodiimi  sul- 
fate favored  the  passage  of  phosphoric  acid  into  the  plant,  but  that 
it  lowered  the  percentage  of  lime  taken  up.  They  also  found,  upon 
applying  potassium  chlorid,  that  the  ash  and  dry  matter  of  the  plants 
were  richer  in  magnesia  and  potash  but  poorer  in  lime,  sulfuric  acid, 
and  phosphoric  acid.     However,  they  found  that  the  application  of 

*Quorta  Seine.  Vol  17,  Ditt.  la-2a  (Vol  72  delea  Raloolta  Qenerale.  1894).  p.  15.     Kindly 
translated  for  us  by  Prof.  Penny  of  Delaware. 
tJour.  Royal  A|p-.  Boo.  Eng.  (1887).  p.  429. 
iAgrioulture  II  (1897).  p.  695. 
fLandw.  Vers.  Stat.  8  (1866),  p.  140.  ^ 
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sodium  chlorid  caused  lime,  sulfuric  acid,  and  phosphoric  acid  to  be 
taken  up  even  more  slowly  than  before,  but  at  the  same  time  the 
percentage  of  both  potash  and  magnesia  in  the  plant  was  increased. 
Muntz  and  Girard,  as  previously  quoted,  say,  concerning  a  solvent 
action  of  sodium  chlorid  upon  soil  phosphates  and  upon  potash  in 
silicate  combinations,  that  if  this  action  exists  it  must  be  extremely 
limited.  Nevertheless  it  must  be  recognized  that  Muntz  and  Girard 
make  a  somewhat  broad  assumption  when  one  considers  that  the  soil 
phosphorus  may  exist  in  several  different  combinations.  Similarly, 
in  the  case  of  potassium,  the  liberating  action  of  sodium  chlorid 
would  be  vastly  different,  dependent  upon  the  relative  abundance  of 
zeolites,  glauconite,  feldspar,  and  possibly  other  potassium-bearing 
silicates.  At  all  events  our  own  experiments,  covering  several  years, 
made  with 'a  large  variety  of  plants,  have  shown  an  unmistakable 
general  tendency  of  both  common  salt  and  sodium  carbonate  to  in- 
crease phosphorus  percentages  in  the  crops.*  The  action  in  this 
particular  upon  lime  and  magnesia  was  but  slightly  marked;  or  un- 
certain, in  comparison. 

Concerning  the  Benefit  to  Crops  prom  Applying  Sodium  Salts. 

The  fact  that  benefit,  either  direct  or  indirect,  is  often  derived 
from  applying  common  salt  to  the  soil  is  too  generally  known  and 
accepted  to  seem  to  need  further  substantiation.  It  also  acts  more 
beneficially  with  some  varieties  of  plants  than  with  others.  Ac- 
cording to  Griffithsf  about  250,000  tons  of  finely  crushed  salt  are 
used  annually  for  manurial  purposes  in  the  United  Kingdom  of 
Great  Britain. 

It  seems  to  be  an  established  fact  that  sodium  salts  may  exert  an 
influence  upon  plant  growth  by  changing  the  chemical  reaction  of 
the  soil  or  other  medium  in  which  the  plant  is  grown;  for  example? 
Prianischnikovt  found  that  when  using  sodium  nitrate  as  a  source  of 
nitrogen  for  plants,  the  medium  became  alkaline  by  virtue  of  the 
removal  of  more  nitric  acid  than  of  soda  by  the  plants.    That  such 

*See  pages  194  to  219. 

tA  Treatifle  on  Manures  (1889),  p.  256. 

tChem.  Ztg.  66  (1900),  p.  701. 
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a  change,  causing  either  greater  acidity  or  alkalinity,  will  materially 
influence  plant  growth  has  been  sufficiently  shown  by  the  earlier 
experimenters  who  grew  plants  by  way  of  water  culture.  The 
recent  experiments  made  in  the  field  with  ammonium  salts  by 
Voelcker  at  Woburn,  England,  and  also  with  ammonium  sulfate  at 
the  Rhode  Island  Station,  have  well  illustrated  the  acidic  tendency 
of  such  manures. 

The  well-known  toxic  action  of  the  black  alkali  in  the  soils  of  the 
arid  regions,  by  which  they  are  made  too  alkaline,  is  too  familiar  to 
require  further  mention. 

Influence  upon  the  Conservation  and  Movement  of  Water. 

H.  Ricdme*  claims  to  have  shown  in  experiments  with  Malcolmia 
maritima  and  Alyssum  maritimum  that  the  presence  of  sodiimi  chlorid 
in  the  solution  outside  of  the  plant  lessened  the  water  absorption 
and  also  tended  to  protect  the  plants  from  too  intensive  water  trans- 
piration. The  presence  of  the  sodium  salt  within  the  plant  itself 
did  not  appear  to  hinder  the  transpiration  unless  the  conditions  were 
also  such  as  to  render  the  absorption  easier. 

It  is  recognized,  as  is  stated  by  King,t  that  the  presence  of  soluble 
salts  increases  the  surface  tension  of  liquids,  and  hence  they  aid  in 
increasing  the  rate  of  capillary  movement  of  the  soil  water  towards 
the  surface  or  toward  the  roots  of  plants. 

It  is  generally  contended  by  practical  farmers  that  the  presence 
of  common  salt  in  soils  aids  in  the  retention  of  moisture  and  that  it 
may  therefore  act  beneficially,  especially  upon  light  soils  which  are 
likely  to  suffer  from  drought.  This  practical  observation  has  been 
supported  by  careful  scientific  observations,  for  KingJ  states  that 
the  presence  of  salts  lessens  evaporation  from  the  surface  so  long  as 
they  remain  in  solution,  and  in  case  some  of  them  separate  out  at  the 
surface  they  then  act  in  a  measure  the  same  as  a  mulch. 


♦Compt.  Rend.   Acad.  Sci.  [Paris]  137   (1903),  p.  141.     Aba.  in  Centbl.  Agr.  Chem.  33 
(1904),  p.  224. 

tA  Text  Book  of  the  Physios  of  Agriculture  (1901),  p.  106. 

:i.c. 


Digitized  by  VjOOQIC 


Functions  op  Sodium  Salts.  291 

Plant  Growth  as  Influenced  by  the  Effect  of  Sodium  upon 
Osmotic  Pressure. 

It  seems  to  have  been  satisfactorily  established  that  there  may 
be  circumstances  under  which  the  addition  of  common  salt  or  of 
other  soluble  salts  to  solutions  aids  the  growth  of  plants  solely  by 
virtue  of  increasing  the  osmotic  pressure.  In  how  far  one  may 
speculate  upon  such  benefit  when  the  addition  is  made  directly  to 
the  soil,  is  a  question  that  may  well  be  considered  open  for  discussion. 
It  may  readily  be  seen  that  owing  to  the  fixing  or  absorbing  power 
of  soils  it  is  not  safe  to  expect  that  salts  applied  to  the  soil  will  have 
the  same  effect  as  when  applied  in  solution,  or  that  the  effect  will  be 
lasting  in  its  character.  Water-culture  investigations  are  now  in 
progress  to  attempt  to  ascertain  if  the  sodium  salts  were  probably 
beneficial  on  this  account. 

Concerning  Possible  Physiological  Functions  of  Sodium. 

It  appears  to  be  so  universally  conceded  that  sodium  can  not  fully 
replace  potassium  in  its  physiological  functions  in  connection  with 
the  growth  of  agricultural  plants  that  it  seems  wholly  unnecessary 
to  make  an  array  of  the  high  authorities  in  practically  every  civilized 
land  to  that  effect.  It  is  of  interest  to  observe  that  most  of  those 
who  have  written  upon  this  subject  seem  to  assume  that  potassium 
has  but  one  physiological  function,  namely,  that  of  aiding  in  the 
formation  and  translocation  of  starch.  Benecke*  suggests  that 
sodium  may  aid  in  maintaining  the  turgor  of  plants  by  the  per- 
fonnance  of  osmotic  service  in  the  place  of  potassium.  Concerning 
potassium  in  its  relation  to  turgor,  Copelandj  says  that  it  is  a  factor, 
direct  or  indirect,  in  maintaining  the  turgor  of  the  plant,  and  that 
when  phosphorus,  magnesium,  and  sulfur  were  omitted  there  was 
poor  growth  but  high  turgor;  but  that  in  the  absence  of  potassium 
the  growth  was  stunted  and  the  turgor  decreased.     In  this  connection 

*Em  Beitrag.  sur.  mineralischen  Nahning  der  Pflansen,  Ber.  Deut.  Bot.  GeselL  12  (1894), 
General  Versammlung,  p.  114.     Quoted  from  Copeland. 
fBot,  Ga£.  24  (1897),  p.  411. 
90 


Digitized  by  VjOOQIC 


292  R.  I.  Agl.  Expt.  Sta.  Rep.,  1908. 

it  may  be  mentioned  that  De  Vries*  held  for  some  time  that  or- 
ganic acids  were  of  primary  importance  in  maintaining  turgor,  a 
position  from  which  he  receded  later.f  It  seems  to  be  held  that 
growth  may  occur  without  turgor  and  that  unusually  rapid  growth 
may  lessen  it.  According  to  Pfeffer,  turgor  can  not  supply  the  energy 
necessary  for  growth,  hence  it  is  rather  a  result  of  the  conditions  of, 
than  itself  a  cause  of,  growth;  hence  Pfeflfer  considers  turgidity  as 
only  of  accessory  importance. 

Concerning  the  association  of  potassium,  only  with  the  function 
of  aiding  in  the  formation  and  translocation  of  carbohydrates,  PfefferJ 
holds  that  phosphorus  may  be  as  essential  as  potassium,  and  he  adds 
that  "the  function  of  an  essential  element  is  by  no  means  directly 
indicated  by  the  result  which  its  absence  produces."  In  this  con- 
nection attention  should  be  called  to  the  fact  that  sodium  has  been 
found,  in  the  course  of  our  own  experiments,  to  have  been  a  carrier 
of  phosphorus  to  the  plant. 

In  some  cases,  according  to  Goodale,§  sodium  may  be  substituted 
for  a  part  of  the  potassium  which  would  otherwise  be  needed  by  the 
plant. 

Mention  is  made  by  A.  Mayer  of  the  free  movement  of  sodium 
salts  in  the  plant,  and  he  suggests  that  the  sodium  may  combine  with 
organic  acids,  without  having  special  physiological  significance, 
on  the  ground  that  it  makes  no  difference  to  the  plant  what  particular 
metal  is  thus  combined.  At  this  point  it  is  of  interest  to  call  atten- 
tion to  the  experiments  by  Mercadante,||  who  grew  species  of  Oxalis 
and  Rumex  without  potassium.  As  a  result  neither  flowers  nor  fruit 
were  formed,  and  only  one-eighth  of  the  normal  amount  of  acid  was 
present.  The  oxalic  and  tartaric  acids  which  were  produced  were 
found  in  combination  with  lime,  and  only  small  amounts  of  sugar  and 
starch  were  found  in  the  sap  of  the  plant.  It  is  known  that  under 
normal  conditions  of  growth  the  organic  acids  which  are  said  to  be 

*Bot.  Ztg.  1879.  p.  848. 

tPfeflfer:  The  Physiology  of  Plants.     Translated  by  Ewart  (1900).  VoL  I,  p.  141. 

tlbid,  Vol.  l.p.  424. 

fPhysiological  Botany  (1885).  p.  255. 

flAbs.  Jahreeber.  Agr.  Chemie,  8.  p.  257. 
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formed  in  the  process  of  the  synthesis  of  the  proteids*  are  often  found 
combined  in  part  with  potassium.  It  is  also  asserted  by  Schimperf 
that  the  neutral,  and  more  especially  the  acid,  salts  of  potassium 
and  oxalic  acid  which  may  result  if  lime  is  lacking,  are  themselves 
poisonous;  nevertheless  it  may  be  necessary  that  oxalic  acid  com- 
bine at  first  with  a  base  like  sodium  or  potassium  while  being  trans- 
ported to  other  parts  of  the  plant  where  it  can  be  precipitated  out 
as  oxalate  of  lime,  whereby  it  ceases  to  interfere  with  the  physiological 
functions.  In  other  words,  the  presence  of  oxalates  of  the  alkalis 
in  small  amounts  may  be  essential  to  the  welfare  of  the  plant,  even 
though  in  large  quantities  they  may  be  inimical  to  its  growth. 
Whether  in  the  absence  of  sufficient  potassium,  sodium  may  be  of 
use  merely  to  combine  with  and  aid  in  the  disposal  of  organic  acids 
in  the  plant,  is  a  point  which  it  might  if  possible  be  of  interest  to  de- 
termine. 

From  water-culture  experiments  with  maize,  Stohmannf  concluded 
that  sodium  was  an  element  essential  to  its  perfect  development. 
It  is  held  by  Muntz  and  Girard§  that  if  soda  is  ever  essential  to  plants 
it  may  be  in  connection  with  the  mangel-wurzel.  Sodium,  according 
to  Aikman,||  is  possibly  essential  to  plants  in  minute  quantities;  and 
A.  Mayer,**  though  he  believes  that  for  certain  plants  soda  may 
not  be  essential,  warns  against  making  a. general  deduction  to  this 
effect,  since  he  thinks  that  the  large  amount  of  sodium  in  certain 
plants  may  be  a  hint  that  they  require  it  or  are  in  some  way  bene- 
fited by  it. 

It  is  held  by  Salm-Horstmarft  that  for  wheat  and  oats,  sodium  is 
advantageous,  but  that  it  is  necessary  only  for  the  perfection  of  the 
seed.  According  to  Johnson,  t  J  if  sodium  is  indispensable,  only  mi- 
nute quantities  are  necessary  to  plants. 

^Sehiznper;  Zar  Frage  der  ABsimilation  der  Mineralsalze  durch  die  gruene  Pflanxe. 
tFlora  (1890),  pp.  207-261. 
tJour.  Landw.  (1862).  p.  25. 
§Les  Engrais,  VoL  3.  p.  153. 

I  Manures  and  the  Prindplee  of  Manuring  (1894).  p.  55. 
•♦Lchrbuch  der  Agrikulturohemie  I  (1896).  p.  283. 

ttVersuohe  tind  Restdtate  ueber  die  Nahrung  d.  Pflanzen  Braunschweig  (1856),  pp.  12.  27 1 
29.  and  36. 

tXBow  Plants  Grow  (1891).  p.  189. 
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More  recently  Atterberg*  conducted  experiments  in  quartz  sand 
in  which  he  substituted  in  one  case  calcium  and  in  the  other  sodium 
for  a  part  of  the  potassium,  with  the  result  that  the  yields  fell  off  in  a 
far  greater  degree  when  calcium  was  substituted  than  when  he  used 
the  sodium.  From  this  work  he  drew  the  conclusion  that  sodium 
was  by  no  means  a  useless  ingredient  in  manures,  but  that  when  the 
supply  of  potassium  is  limited  it  may  perform  a  very  useful  function 
in  connection  with  plant  growth.  The  following  year  Wagner  and 
Dorscht  also  made  strong  claims  for  the  direct  manurial  action  of 
sodium,  asserting  that  when  the  supply  of  potassium  was  limited 
to  a  small  amount,  the  employment  of  sodium  in  its  capacity  as  a 
direct  manure  increased  the  crop  one-half. 

Following  shortly  after  the  publication  of  these  results  by  Atter- 
berg, and  Wagner  and  Dorsch,  Stahl-Schroederf  published  certain 
researches  which  seemed  to  contradict  their  work.  In  this  connec- 
tion the  claim  was  made  that  the  media  in  which  the  plants  were 
grown  by  Atterberg,  and  Wagner  and  Dorsch,  doubtless  contained 
potassium  which  was  liberated  upon  the  application  of  sodium  salts; 
and  that  the  sodium  had  not  acted  as  a  direct  manure.  Thus  he  es- 
sayed to  show  that  the  conclusion  of  these  experimenters  was  utterly 
faulty.  The  matter  was  of  so  much  interest,  in  view  of  the  fact  that 
Atterberg  was  reported  to  have  vised  "pure  silica"  in  which  to  con- 
duct his  experiments,  that  one  of  us  (H.  J.  W.)  wrote  to  him  asking 
if  the  silica  in  which  the  plants  were  grown  was  actually  analyzed, 
and  if  so,  what  percentages  of  both  sodium  and  potassium  were  really 
present.  In  response  to  this  inquiry  it  was  stated  that  a  smT)rising 
amount  of  sodium  was  found  in  the  crop  in  certain  cases  where  it 
was  not  to  be  expected,  and  he  stated  that  it  evidently  came  from 
the  sand,  which  was  found  to  contain  sodium  chlorid.  Furthermore, 
the  asphalt  paint  which  was  applied  to  the  interior  of  the  pots  con- 
tained considerable  quantities  of  some*  mineral  matter.  It  was  not 
stated,  however,  whether  or  not  the  silica  and  paint  were  tested  for 

*Deut.  Landw.  Presee  (1891).  p.  1035. 

tDie  Stiokstoffdtliiffung  d.  landw.  Kulturpflanzen  (1892),  pp.  227-242. 

J  Jour.  Landw.  47  (1899).  pp.  49-84. 
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potassium,  hence  it  is  reasonable  to  infer,  in  view  of  the  presence  of 
such  considerable  amounts  of  sodium,  that  potassium  may  have  been 
present  and  may  have  been  set  free  by  the  sodium  salts  which  were 
employed.  It  ia  greatly  to  be  hoped,  therefore,  that  Prof.  Atterberg 
will  repeat  his  experiments  with  a  medium  demonstrated  at  the  out- 
set to  be  free  from  potassium. 

Still  more  recently  Pfeiflfer*  and  his  co-workers  have  been  studying 
the  action  of  sodium  salts  in  connection  with  barley,  and  as  a  result 
of  their  investigations  and  critical  study  of  the  experiments  by 
Hellriegel  and  WUf  arth,  and  also  by  Doll  and  others,  they  have  arrived 
at  the  conclusion  that,  aside  from  the  action  of  sodium  salts  in  liberat- 
ing potash  in  the  soil,  they  also  replace  some  of  the  potash  in  the 
leaves  and  stalks,  in  consequence  of  which  more  potash  is  at  the  dis- 
posal of  the  plant  to  use  in  the  formation  of  the  seed.  Such  benefit 
would  of  course  only  be  expected  in  cases  where  there  exists  an 
actual  shortage  of  potassilun.  In  their  own  experiments  little  evi- 
dence was  afforded  of  an  actual  replacement  of  potassium  by  sodium 
in  the  seed  itself  to  the  advantage  of  the  plant,  yet  they  cite  experi- 
ments by  Doll,  Hellriegal,  and  WUfarth  which  seem  to  them  to  jus- 
tify the  view  that  benefit,  even  in  that  direction,  may  result. 

During  the  summer  of  1905  Breazeale,t  while  engaged  in  co-opera- 
tive experiments  between  the  Bureau  of  Soils  of  the  U.  S.  Depart- 
ment of  Agriculture  and  this  Station,  imdertook  experiments  which 
suggested  themselves  to  him  after  a  study  of  our  own  pot  and  field 
work,  and  found  that  plants  which  had  been  grown  for  a  time  in  a 
solution  containing  sodium,  took  up  far  less  potassium  when  trans- 
ferred to  a  full  nutrient  solution,  than  those  which  had  been  kept 
under  the  same  conditions  and  for  the  same  length  of  time  in  a  so- 
lution from  which  sodium  was  excluded.  From  this  the  inference 
might  be  drawn,  particularly  in  view  of  the  better  growth  and  trans- 
piration during  the  preliminary  and  final  stages  in  those  cases  where 
the  sodium  salt  was  used  at  the  outset,  that  the  sodium  had  lessened 

♦Bditt.  Landw.  Inrt.,  Breslau  (1906).  pp.  667-613. 
tJoor.  Ame&  Chem.  Soc.  28,  p.  1013. 
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the  requirements  for  potassium  and  that  therefore  some  physiologi- 
cal function  was  probably  to  be  attributed  to  the  sodium  salt. 

Pember,  of  the  Bureau  of  Soils  of  the  U.  S.  Department  of  Agri- 
culture, and  Hartwell  are  at  the  present  time  engaged  in  similar 
co-operative  work  making  waterj<3ulture  tests  as  suggested  by  two 
of  us  (H.  J.  W.  and  B.  L.  H.).  The  results  thus  far  obtained  are 
given  below. 

In  experiment  I,  where  both  a  one-fourth  and  a  one-eighth  "  ra- 
tion" of  the  potassium  salt  was  supplemented  by  the  calcium  salt, 
the  transpiration  and  green  weights  were  both  lessened,  and  by  the 
addition  of  the  sodium  salt  both  were  decidedly  increased. 

In  experiment  II  the  results  were  somewhat  unsatisfactory  owing 
to  the  prevailing  climatic  conditions;  the  results,  however,  when 
only  a  one-eighth  ration  of  potassium  was  used,  agree  with  those  in 
experiment  I,  excepting  for  the  low  transpiration  when  the  extra 
seven-eighth  ration  of  the  sodium  salt  was  used.  In  other  words, 
in  this  case  the  green  weight  was  materially  increased  by  using  the 
sodium  salt,  notwithstanding  that  the  transpiration  figures  failed  to 
point  in  the  same  direction.  The  addition  of  the  calcium  salt  to 
the  one-eighth  ration  of  potassium  salt  appeared  both  by  transpira- 
tion and  green  weight  to  have  been  beneficial,  but  in  a  far  less  degree 
than  the  added  sodium. 

In  experiment  III  the  addition  of  the  calcium  apparently  increased 
the  transpiration  and  green  weights  more  or  less  in  both  cases,  but 
in  a  far  less  degree,  with  one  exception,  than  the  sodium. 

In  experiment  IV  with  a  one-eighth  ration  of  potassium  the  calcium 
seemed  to  be  beneficial  as  far  as  concerned  the  green  weight,  but  in 
both  cases  the  results  with  sodium  were  far  superior  to  those  with 
extra  calcium.  When  a  one-fourth  ration  of  potassium  was  used 
the  transpiration  and  yields  were  smaller  in  both  cases  upon  the 
employment  of  the  extra  calcium  salt,  but  both  were  increased  by 
the  addition  of  the  sodium  salt. 

In  experiment  Va  and  Vb,  excepting  the  smaller  green  weight  in 
series  Va,  the  use  of  the  additional  calcium  salt  was-  followed  by 
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gains  in  both  transpiration  and  green  weight,  while  a  most  marked 
gain  in  both  resulted  when  the  sodium  salt  was  added. 

The  amounts  of  total  solids  were  the  same  in  all  cases  in  a  given 
experiment,  excepting  where  only  a  one-eighth  or  a  one-fourth  ration 
of  potassium  was  applied.  If  it  were  argued  that  the  difference  in  the 
osmotic  pressure  produced  by  the  calcium  and  the  sodium  accounted 
for  the  greater  gain  from  the  latter,  it  would  be  expected  that  the 
calcium  would  have  proved  helpful  in  all  cases  and  far  more  so  than 
in  most  of  the  instances.  Furthermore,  increased  amounts  of  the 
calcium  and  sodium  salts  have  been  added  to  the  potash  ration  in 
other  series  of  experiments  now  in  progress,  but  without  certain  in- 
creased benefit,  a  fact  which  leads  one  to  infer  that  the  great  benefit 
observed  from  the  sodium  in  this  instance  can  not  have  been  wholly 
or  even  largely  due  to  influencing  the  osmotic  pressure.  It  will  be 
observed  that  these  culture  experiments  were  conducted  in  solutions, 
thus  eliminating  indirect  manurial  action;  hence  there  seems  no 
escape  from  the  conclusion  that  the  benefit  must  have  been  physio- 
logical in  character,  particularly  when  it  is  stated  that  less  potash 
was  frequently  removed  from  the  solution  when  sodium  was  added 
than  when  it  was  not.  It  is  proposed,  nevertheless,  to  pay  particular 
attention,  if  feasible,  in  future  experiments  to  the  possibility  of 
dififerences  in  the  chemical  reaction  of  the  solutions  when  the  soda 
is  employed  and  when  it  is  not  used,  yet  it  appears  hardly  prob- 
able that  this  will  serve  to  explain  the  differences  in  results.  It  is 
desirable  that  it  be  ascertained,  if  possible,  whether  the  good  effect 
of  the  sodium  salts  in  water  culture  can  have  been  due  to  changing 
in  a  beneficial  way  the  relationships  of  lime  and  magnesia  and  possi- 
bly other  mineral  plant  ingredients. 

It  is  mentioned  by  Schneidewind*  that  Hellriegel  and  Wilfarth 
produced,  with  more  soda  and  less  potash,  the  same  amount  of  dry 
matter  and  sugar  as  where  a  larger  quantity  of  potash  was  employed; 
nevertheless  he  believes  that  the  advantage  of  soda  which  he  has 
frequently  observed  in  his  experiments  with  beets  was  due  primarily 

♦Jour.  Landw.  (1898),  p.  7,  8. 
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not  to  physiological  functions  but  rather  to  the  greater  solubility 
of  the  sodium  than  of  the  potassium  salts  of  nitric,  phosphoric,  and 
sulphuric  acids,  on  account  of  which  they  more  readily  entered  the 
plants. 

S.  Suzuki*  calls  attention  to  an  interesting  possibility  concerning 
sodium  in  plants,  for  he  recalls  the  work  of  Chittenden  showing  that 
the  efficiency  of  vegetable  diastase  is  increased  by  small  amounts 
(0.24  per  cent.)  of  sodium  chlorid,  just  as  has  been  shown  by  Wachs- 
mannt  to  be  the  case  with  animal  diastase.  He  also  cites  that  A. 
Mayert  found  that  a  1  per  cent,  solution  of  potassium  chlorid  re- 
tarded diastatic  action,  while  smaller  quantities  exerted  no  decisive 
result.  Hence  Suzuki  suggests  a  ph3rsiological  function  of  sodium 
chlorid  in  plant  growth  by  virtue  of  its  possibly  acting  with  diastase 
in  the  transport  of  starch  to  the  growing  tips  of  plants,  thus  explaining 
the  function  in  connection  with  starch  in  an  indirect  rather  than  in 
a  direct  way. 

It  seems  by  all  means  desirable  that  far  more  definite  knowledge 
should  be  gained  concerning  the  functions  of  sodium  than  that  which 
we  now  possess,  and  furthermore  it  should  be  definitely  ascertained 
what  varieties  of  plants  are  most  likely  to  be  benefited  by  sodium 
salts  when  there  is  a  lack  of  potassium  salts.  Such  information 
will  place  the  farmer  in  far  better  position  to  know  when  to  employ 
advantageously  manures  rich  in  sodium  salts,  such  as  nitrate  of  soda 
and  kainit,  as  a  sort  of  insurance  against  a  depression  of  yield  on 
account  of  a  deficiency  of  potash.  Furthermore,  the  conditions  under 
which  sodium  salts  may  conserve  the  potash  stores  within  the  soil 
should  be  thoroughly  studied,  and  it  should  be  ascertained  with  what 
agricultural  plants  such  a  conservation  of  potash  is  possible,  or,  in 
other  words,  what  plants  may  be  prevented  from  overfeeding  on 
potash  if  provided  with  soda. 


♦BuL  Col  A«r.  Tokio.  Imp.  Univ.  6  (1906),  No.  4.  p.  408. 
tPflueger's  Archiv.  91  (1902).  p.  191. 
tJouT.  f.  Landw.  49.  p.  57. 
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SUMMARY. 

These  experiments  show  that  in  the  presence  of  very  limited  sup- 
plies of  potassium  salts,  sodium  salts  may  greatly  increase  the  yields 
of  certain  crops. 

In  the  case  of  the  mangel-wurzel,  similar  benefit  from  sodium  salts 
occurred  when  as  much  as  332  pounds  of  muriate  of  potash,  or  its 
equivalent  of  potassium  carbonate,  were  employed  per  acre.  Also, 
in  connection  with  certain  other  plants,  similar,  though  less  marked, 
benefit  from  sodium  salts  was  observed  even  when  the  applications 
of  potassium  salt  were  large. 

Sodium  salts  were  found  to  increase  the  percentage  of  phosphorus 
in  the  plant.  In  this  respect  the  carbonate  was  more  efficient  than 
the  chlorid.  The  results  furnish  much  evidence  to  show  that  this 
was  an  incidental  accompaniment  of  the  employment  of  the  sodium 
salts  rather  than  the  cause  of  the  increased  growth  which  resulted. 
This  feature  should  nevertheless  be  further  investigated. 

Little  evidence  was  secured  to  indicate  that  the  benefit  to  plant 
growth  caused  by  the  sodium  salts  was  due  to  changing  the  ratio  of 
lime  and  magnesia  in  the  plants. 

The  sodium  salts  undoubtedly  acted  as  indirect  manures  by  virtue 
of  liberating  potash,  yet  strong  evidence  was  afforded  that  the 
potassium  taken  up  by  the  plant  was  often  more  economically  util- 
ized, or  in  other  words  a  greater  crop  was  produced,  when  sodium 
salts  were  applied  in  the  manures  and  when  relatively  more  sodium 
entered  the  plant. 

The  water-culture  investigations  show  unquestionable  benefit, 
under  certain  conditions,  from  the  employment  of  sodium  salts  in 
the  presence  of  limited  supplies  of  potassium,  which  is  not  attributa- 
ble to  liberation  of  plant  food,  effect  upon  soil  moisture,  etc.  This 
benefit  does  not  seem  to  be  wholly  or  chiefly  explainable  upon  the 
ground  that  the  sodium  salts  had  increased  the  osmotic  pressure, 
for  calcium  salts  failed  to  have  the  same  marked  effect. 

In  the  dry  season  of  1899  strong  evidence  was  afforded  that  appli- 
ti 
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cations  of  sodium  salts  to  the  soil  prevented  the  plants  from  taking 
up  and  removing  unnecessary  amounts  of  potash,  or  in  other  words 
the  sodium  seemed  to  conserve  the  potassium  of  the  soil.  In  the 
wet  season  of  1901  the  contrary  apparently  resulted.  This  indicates 
the  necessity  of  a  more  careful  study  of  the  conditions  affecting  the 
beneficial  action  of  sodium  salts  and  the  danger  of  drawing  definite 
and  final  conclusions  from  a  single  experiment. 

The  results  do  not  indicate  that  it  would  be  wise  to  purposely  cut 
down  the  supplies  of  potassium  enough  to  make  sodium  salts  bene- 
ficial, for  fear  of  depressing  the  crops,  nor  to  buy  common  salt  nor 
sodium  carbonate  for  the  purpose  of  attempting  to  conserve  the  po- 
tassium in  the  soil;  yet  the  sodium  in  the  potash  salts  and  in  nitrate 
of  soda,  which  practically  costs  nothing,  may  often  increase  certain 
crops  if  a  shortage  of  potassium  occurs. 

The  results  go  to  show  that  the  beneficial  influence  of  sodium  salts 
is  largely  conditioned  upon  the  variety  of  plant,  and  this  is  a  field 
of  investigation  that  has  as  yet  remained  grossly  neglected,  not  only 
in  this  country  but  also  in  Europe. 

It  is  proposed  to  further  study  the  influence  of  sodium  salts  upon 
the  reaction  of  the  medium  and  the  bearing  of  this  influence  upon  the 
growth  of  plants,  also  the  possible  influence  of  the  sodium  in  changing 
the  ratio  of  other  mineral  ingredients  taken  from  solutions  by  grow- 
ing plants.  In  short,  it  is  hoped  by  thesp  and  other  means  to  throw 
additional  light  upon  the  physiological  functions  of  sodium  and  the 
practical  significance  of  sodiiun  salts  in  agriculture. 

A  study  has  been  begun  of  the  influence  of  the  application  of 
varying  proportions  of  sodium  and  potassium  salts  upon  the  organic 
constituents  of  certain  plants. 
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APPENDIX. 


A  GoiiPLETB  Compilation  of  the  Analytical  Pebgbntaob  Data  uf 
the  foregomo  discussion. 

Golden  Millet,  1898. 


Soda  ration 

Potash  ration 

Plat  No 

Crude  ash 9.18 

Silica  and  insoL  matter 4.76 

Phosphoric  add 

Sulfuric  add 

Potassium  oxid 

Sodium  oxid 

Caldum  oxid 

Ferric  and  alimiinic  oxids 

Yidd,  green,  pomids 


White.  Strasbxtbo  Radish  (Roots),  1899. 

UnJimed  Chloridi. 


UnlimodCi 

krbonates. 

LinuKl  Garb 

onatM. 

1 

1 

1 

1 

1 

1 

i 

1 

«7 

86 

89 

48 

9.18 

7.75 

8.97 

8.62 

4.76 

3.80 

3.77 

3.03 

.79 

.63 

.71 

.... 

.53 

.53 

.35 

.48 

.97 

1.09 

1.09 

1.16 

.17 

.14 

.07 
.88 

.05 

.21 

.18 

.14 

.... 

102 

132 

155 

142 

Soda  ration 1  J  1  J 

Potash  ration }  }  J  1 

Plat  No 2  6  8  19 

Nitoogen 3.31  3.19  3.68  3.42 

Crudeash 23.22  20.87  22.49  17.51 

Silica  and  insol.  matter 11  .12  .15 

Phosphoric  add 1.02  .98  1.13  1.02 

Potasdumoxid 6.72  6.12  3.76  3.69 

Sodium  oxid 4.14  3.67  6.38  3.83 

Caldum  oxid 1.06  1.02  1.09  1.38 

Magnedumoxid 58  .65  .67  .73 

Yidd,  green,  pounds 834  797  709  547 
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White  Strasburg  Radish  (Roots),  1899. 

Limed  Chlorids. 


Soda  ration 1            i  1  J  0 

Potash  ration..., J            i  1  1  1 

Plat  No 14           18  Iff  24  St 

Nitrogen 3.71      3.74  3.54  3.53  .... 

Pure  ash  and  insol.  matter 16.11  14.47  17.74 

Crude  ash 24.14    20.35  

Silica  and  insol.  matter 17         .12  .16  .29  .17 

Carbon  dioxid 3.29  3.32  3.78 

Phosphoric  acid 90         .84  .98  .89  .78 

Sulfuric  acid 1.96  1.84  .... 

Potassium  oxid 5.19      5.54  2.85  3.62  8.43 

Sodium  oxid 5.12      3.62  6.01  4.03  2.02 

Calcium  oxid 1.32       1.43  1.19  1.56  1.46 

Magnesiimi  oxid 63         .56  .73  1.02  .89 

Yield,  green,  pounds 766        662  685  432  709 

White  Strasburg  Radish  (Roots),  1899. 

Unlimed  Carbonates. 


Soda  ration 1  }  1  J 

Potash  ration J  }  J  J 

Plat  No 96  80  89  Sa 

Nitrogen 3.80  3.47  3.74  3.33 

Crudeash 22.63  20.47  21.49  17.33 

Silica  and  insol.  matter 07  .05  .08  H 

Phosphoric  acid 1.13  1.05  1.13  .9^ 

Potassium  oxid 4.98  5.59  2,90  3.05 

Sodium  oxid 4.50  3.60  6.57  3.56- 

Calcium  oxid 1.23  1.24  1.27  1.17 

Magnesium  oxid 90  .75  .94  .77 

Yield,  green,  pounds 817  776  722  647 
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Whitb  Strasburo  Radish  (Roots),  1899. 

Limed  Carbonates. 

Soda  ration 1            }  1  J 

Potash  ration J            )  J  J 

Plat  No 88            43  88  48 

Nitrogen 3.85      3.69  3.60  3.77 

Pure  ash  and  insol.  matter 15.33  13.88 

Crude  ash 28.40    22.54  

Carbon  dioxid 4.54  3.38 

Phosphoric  acid 1.10      1.05  1.08  .96 

Sulfuric  acid 2.35  1.97 

Potassium  oxid 5.27      5.48  2.81  3.61 

Sodium  oadd 5.72      4.07  6.50  3.69 

Calcium  oxid 1.17      1.19  1.07  1.53 

Magnesium  oxid 67         .72  .76  1.17 

Yield,  green,  pounds 662        621  540  432 


18.10 

5.05 
.96 

9.82 
1.43 
1.61 
1.10 
655 


Flat  Turnip  (Roots),  1899. 

Limed  Chloridi. 

, ^ . 

Soda  ration 1  }  0 

Potash  ration }  }  1 

Plat  No 15         84  23 

Nitrogen 

Pure  ash  and  insol.  matter 15.27  11.46  13.24 

Silica  and  insol.  matter 1 .44  .91  1 .  37 

Carbon  dioxid 2.52  1.88  1.90 

Phosphoric  acid 1 .26  .98  1 .03 

Sulfuric  acid 1.95  1.60  .... 

Potassium  oxid 2.13  2.88  4.54 

Sodium  oxid 5.05  2.37  1.46 

Calcium  oxid 1.26  1.32  1.31 

Magnesium  oxid 69  .60  .62 

Yield,  green,  pounds 293  214  234 


Unlimed 

Carbonates. 

1 

1 

i 

i 

87 

86 

3.92 

4.19 

.75 

1.38 

.89 

1.00 

3.21 

2.54 

2.31 

2.88 

1.36 

1.45 

.64 

.69 

212 

149 
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NoBBiTON  QiAMT  Bkbt  (Rootb),  1899. 
limed  Ohloxida. 


Soda  ration. 1  i 

Potash  ration (  } 

PlatNo 15         94 

Nitrogen 1.76  1.63 

Pure  ash  and  insoL  matter 8.81  6.27 

Silica  and  insoL  matter 

Carbon  dioxid 2.08  1.63 

Phosphoric  acid. 32        .24 

Sulfuric  add. 31         .30' 

Potassium  oxid 84  1.24 

Sodium  oxid 4.63  2.65 

Calcium  oxid 26        .24 

Magnesium  oxid 60        .66 

Ferric  and  aluminic  oxid 10        .12 

Yield,  green,  pounds 682        421 


k 

limed  OarboDAtei. 

0 

1 

1 

0 

1 

i 

i 

1 

»9 

89 

48 

46 

.... 

2.20 

2.23 

.... 

8.61 

8.92 

7.00 

7.07 

.49 

.... 

.... 

.56 

1.99 

3.33 

2.31 

2.47 

.33 

.39 

.37 

.35 

.... 

.40 

.39 

.... 

3.66 

.81 

1.10 

3.69 

1.71 

6.10 

2.92 

1.06 

.26 

.29 

.25 

.27 

.61 

.48 

.74 

.47 

.... 

.14 

.15 

.... 

689 

601 

299 

797 

Cabbot  (Rootb),  1899. 

limed  Ohloxida. 

, * , 

Soda  ration. 1  } 

Potash  ration. }  } 

Plat  No 15  14 

Nitrogen 2.73  2.58 

Crude  ash .... 

Silica  and  insoL  matter 61  .60 

Phosphoric  acid 1.20  1.03 

Potassium  oxid 2.11  2.09 

Sodiumoxid 3.77  3.00 

Calcium  oxid 74  .78 

Magnesium  oxid. 32  .39 

Yield,  green,  poimds '. . .     483  343 


limed  OftrboDEtM. 


1 

i 

i 

•        i 

89 

48 

2.93 

3.02 

12.14 

11.77 

.57 

.41 

1.09 

1.07 

1.30 

2.36 

3.88 

2.89 

.68 

.70 

.35 

.41 

483 

373 
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CmcoRT  (Roots),  1899. 

Limed  Chloridi. 

/ * . 

Soda  ration 1  }  0 

Potash  ration }  (  1 

Rat*  No 15         M  99 

Pure  ash  and  insol.  matter 3.49  2.99  3.47 

Silica  and  insol.  matter 26  .28  .27 

Carbon  dioxid 60  .33  .65 

Phosphoric  acid 48  .49  .46 

Sulfuric  add 20  .23       

Potassium  oxid 62  .48  1.42 

Sodium  oxid 1.01  .80  .37 

Calcium  oxid 24  .22  .22 

Magnesiimi  oxid 26  .26  .18 

Ferric  and  aliuninic  oxids 06  .06  .... 

Yield,  green,  poimds 189  200  312 


Limed  Carbonatea. 

1 

i 

0 

i 

i 

1 

89 

48 

46 

3.21 

3.13 

3.32 

.18 

.28 

.23 

.60 

.35 

.72 

.69 

.66 

.46 

.26 

.28 

.37 

.46 

1.43 

1.04 

.81 

.36 

.26 

.26 

.24 

.32 

.32 

.18 

.04 

.04 

.... 

205 

234 

256 

Whttx  Strasburg  Radish  (Roots),  1901.  . 

»  Unlimed  Chlorids. 

Soda  ration 1  J 

Potash  ration }  1 

Plat  No 8  19 

Nitrogen 3.20  3.64 

Crude  ash 19.66  18.63 

Silica  and  insol.  matter 30  .21 

Phosphoric  acid 1.08  1.08 

Potassium  oxid 6.03  6.42 

Sodium  oxid 3.66  3.09 

Calcium  oxid 90  1. 13 

Magnesium  oxid 63  .66 

Yield,  green,  pounds 216  234 
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White  Strasburg  Radish  (Roots),  1901. 


Limed  Chlorida. 


Soda  ration f  J  0 

Potash  ration 1  1  1 

Plat  No 19  20  Z% 

Phosphoric  acid 1 .06  1 .09  1 .03 

Potassium  oxid 11.05  9.81  9.41 

Sodium  oxid 1.40  1.95  L43 

Calcium  oxid 1.00  1.13  1.10 

Magnesium  oxid .53  .66  .64 

Yield,  green,  pounds 243  261  248 

White  Strasburg  Radish  (Roots),  1901. 

Unlimed  Carbonates. 

Soda  ration f  J  0 

Potash  ration 1  1  1 

Plat  No 81  82  84 

Phosphoric  acid 1.12  1.15  1.09 

Potassium  oxid 11.55  10.73  10.66 

Sodium  oxid 1.65  1.52  .91 

Calcium  oxid 84  .95  .96 

Magnesium  oxid 50  .59  .57 

Yield,  green,  poimds 279  291  288 

White  Strasburg  Radish  (Roots),  1901. 

Limed  Carbonates. 


Soda  ration f  }  0 

Potash  ration 1  1  1 

Plat  No 43  44  46 

Phosphoric  acid 1 .09  1 .00  .92 

Potassium  oxid 10.00  9.21  9.42 

Sodium  oxid 1.60  1.56  .97 

Calcium  oxid 89  .86  1.08 

Magnesium  oxid .57  .51  .58 

Yield,  green,  pounds 243  252  228 
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Chicory  (Roots).  1901. 

I  Limed  Chlorida. 

/— * % 

Soda  ration 1  J 

Potash  ration J  J 

Plat  No 15  84 

Nitrogen 1 .  12  1 .03 

Pure  ash  and  insoluble  matter 3.33  2.95 

Carbon  dioxid 50  .46 

Phosphoric  acid 53  .43 

Sulfuric  acid 21  .22 

Potassium  oxid 62  .63 

Sodium  oxid 1.18  .96 

Calcium  oxid 23  .22 

Magnesium  oxid 24  .24 

Yield,  green,  pounds 225  194 


Umed  CarboDAtM. 

1 

i 

i 

i 

89 

48 

1.19 

1.14 

2.82 

3.01 

.91 

.41 

.48 

.49 

.23 

.24 

.50 

.55 

1.19 

.84 

.24 

.21 

.27 

.26 

117 

113 

Chicory  (Roots),  1901. 

Limod  Chloridfl. 

Soda  ration }  i 

Potash  ration 1  1 

Plat  No 19  20 

Phosphoric  acid 44  .42 

Potassium  oxid 1.97  1.90 

Sodium  oxid 52  .72 

Calcium  oxid 24  .24 

Magnesiimi  oxid 16  .17 

Yield,  green,  poimds 243  243 


0 

1 

.43 
1.82 
.67 
.24 
.17 
243 


28 
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Chicory  (Roots),  1901. 

Unlimed  Garbonatos. 


Soda  ration f  }  0 

Potash  ration 1  1  1 

Plat  No 81  82  84 

Nitrogen 96  .95  .95 

Phosphoric  acid 40  .41  .39 

Potassium  oxid 2.16  1.89  2.02 

Sodium  oxid 52  .51  .34 

Calcium  oxid 24  .24  .23 

Magnesium  oxid 16  .15  .17 

Yield,  green,  pounds 194  180  162 


Chicory  (Tops),  1901. 


Limed  Carbonates. 


Soda  ration 1  \ 

Potash  ration i  J 

Plat  No 39  48 

Crude  ash 13.79  13.14 

Silica  and  insol.  matter .77  .76 

Phosphoric  acid .56  51 

Potassium  oxid .97  76 

Sodium  oxid 3.84  2.29 

Calcium  oxid 2.22  2.71 

Magnesium  oxid 1.11  1 .81 
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Carrot  (Roots),  1901. 


Soda  ration 1 

Potash  ration 1 

Plat  No 15 

Nitrogen 1 .98 

Crude  ash 8.32 

Silica  and  insol.  matter 06 

Phosphoric  acid 96 

Potassium  oxid 1 .  45 

Sodium  oxid 2.54 

Calcium  oxid 51 

Magnesium  oxid 27 

Tield,  green,  pounds 313 


Llorids. 

Limod  Carbonates. 

i 

1 

1 

1 

i 

1 

94 

89 

48 

2.37 

2.49 

2.09 

8.17 

9.32 

6.69 

.04 

.08 

.08 

.93 

1.04 

.77 

1.50 

1.29 

1.22 

1.98 

3.00 

1.71 

.50 

.51 

.50 

.32 

.35 

.30 

315 

306 

315 

Carrot  (Tops),  1901. 


Limed  Carbonates. 


Soda  ration 1  J 

Potash  ration }  } 

Plat  No 89  48 

Nitrogen 3.08  2.87 

Crude  ash 14.63  11.89 

Silica  and  insol.  matter 92  .67 

Phosphoric  acid 80  .70 

Potassium  oxid 1 .00  1 .53 

Sodium  oxid 4.76  2.17 

Calcium  oxid 1.54  1.87 

Magnesium  oxid 89  .96 
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Whttb  Strasbxtbg  Radish  (Roots),  1905. 

Onoe-Iimed  Chlorids. 


Soda  ration 1  }  1  } 

Potash  ration •. J  J  f  \ 

Plat  No 8  19  1  11 

Nitrogen 3.50  3.84  3.47  3.65 

Phosphoric  acid 1.10  1.07  .97  1.03 

Potassium  oxid 3.17  3.22  6.34  6.13 

Sodiumoxid 4.08  2.99  3.16  2.99 

Calcium  oxid 1.42  1.69  1.21  1.31 

Magnesium  oxid, 69  .79  .44  .71 

Yield,  green,  poimds 456  398  550  557 


Whitb  Strasburq  Radish  (Roots),  1905. 

Once-limed  Chlorids. 


Soda  ration 1  i  0  1 

Potash  ration 1110 

Plat  No 5  8  10  4 

Nitrogen 3.46  3.52  3.51  4.66 

Phosphoric  acid 1.02  1.06  1.08  1.24 

Potassium  oxid 6.75  7.72  6.62  1.95 

Sodiumoxid 2.73  2.34  1.94  5.43 

Calcium  oxid 1.00  1.18  1.12  1.55 

Magnesium  oxid 76  .58  .83  1.03 

Yield,  green,  pounds 574  542  522  274 
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White  Strasburg  Radish  (Roots),  1905. 

Thrioe-limed  Ghloridfl. 


Soda  ration 1  1  J  0  f 

Potash  ration 1  1  1  1  i 

Plat  No 15  94  20  89  28 

Nitrogen 4.11  4.03  3.94  3.85  3.76 

Phosphoric  acid 1.08  .98  1.02  1.02  1.00 

Potassium  oxid 3.54  2.42  6.67  6.86  5.81 

Sodiumoxid 4.44  3.50  2.66  2.02  2.85 

Calciumoxid 1.59  1.87  1.52  1.28  1.53 

Magnesium  oxid 78  .83  .73  .95  .59 

Yield,  green,  poimds 438  324  553  522  498 


Whitb  Strasburg  Radish  (Roots).  1905. 

Onoe-lizned  Carbonates. 

Soda  ration 1            }            J            0  1 

Potash  ration 1            1            1            1  i 

Plat  No 27            86           82            84  25 

Nitrogen 4.10      3.76      3.69      3.60  3.77 

Phosphoric  acid 1.26      1.15      1.19      1.17  1.16 

Potassium  oxid 2.58      2.95      6.19      6.33  5.52 

Sodium  03dd 4.11       2.95      2.24       1.71  2.88 

Calcium  oxid 1.58      1.66      1.23      1.03  1.20 

Magnesium  oxid 78         .80         .62         .85  .64 

Yield,  green,  pounds 400        372        555        548  556 


i 
I 

85 

3.65 
1.11 
5.03 
2.74 
1.08 
.70 
553 
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White  Strasburo  Radish  (Roots),  1905. 

Thriod-limad  Carbonates. 


Soda  ration 1  J  1  0  } 

Potash  ration 1  }  1  1  i 

Hat  No 88  48  41  46  47 

Nitrogen 3.87  3.87  3.49  3.77  3.82 

Phosphoric  acid 1.16  1.03  1.09  1.06  1.12 

Potassium  oxid 2.60  3.21  6.32  6.05  5.11 

Sodium  oxid 4.04  2.90  2.64  2.27  2.75 

Calcium  oxid 1.52  1.67  1.24  1.30  1.32 

Magnesium  oxid 76  .80  .79  .85  .65 

Yield,  green,  poimds 398  375  532  508  614 


Whitb  Strasburo  Radish,  1905. 

Soda  ration,  1;  and  Potaah  ration,  f. 

Twioe-limed  Chloiids.  Twioe-limed  Carbonates. 

Plat  No.  13.  Plat  No.  37 

RooU.              Tops,  RooU.                T9pt. 

Nitrogen 3.88            4.69  3.66             4.93 

Phosphoric  acid 1.05            1.17  1.01              1.26 

Potassium  oxid 6.54            3.98  6.43             3.07 

Sodium  oxid 2.66            2.99  2.75             2.62 

Calcium  oxid 1.34            4.77  1.37             4.09 

Magnesium  oxid 66              .95  .59               .78 

Yield,  green,  pounds 547              520  555               627 
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Strap-Leaped,  Flat  Turnip,  1905. 

Onoe-lim»d  Chloridfl. 

Soda  ration 1            i            1  \ 

Potash  ration J            }            }  } 

Hat  No »            6            8  1» 

Nitrogen 2.80      2.41       2.90  3.01 

Phosphoric  acid 1.42       1.29       1.39  1.32 

Potassium  oxid 3.05      2.60       1.99  2.07 

Sodiumoxid 2.42      1.91      3.09  2.14 

Calcium  oxid 80         .83         .87  .99 

Magnesium  oxid 35         .37         .31  .40 

Yield,  green,  pounds 402        390        373  240 


1 

0 

i 

1 

1 

10 

2.72 

2.37 

1.28 

1.33 

3.87, 

3.93 

1.97 

1.04 

.95 

.80 

.34 

.47 

379 


417 


Strap-Leafed,  Flat  Turnip,  1905. 

Thrioe-limed  Ghlorids. 

Soda  ration 1  i  1 

Potash  ration i  i  1 

Plat  No 14  18  15 

Top§.       RooU.  Roots.  RooU. 

Nitrogen 3.28      2.46  2.64  3.08 

Phosphoric  acid 1.31       1.26  1.26  1.35 

Potassium  oxid 2.28       2.72  2.48  1.96 

Sodiumoxid 2.44       2.49  2.30  3.59 

Calcium  oxid 5.29         .93  1.00  .99 

Magnesium  oxid 1.04         .36  .35  .37 

Yield,  green,  pounds 647        377  340  294 


i 

i 

24 

RooU. 
3.13 
1.29 
1.79 
2.94 
1.17 
.38 
192 
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Strap-Leafed,  Flat  Turnip,  1905. 

Thrioe-Umed  Chloridt. 


Soda  ration 1  J  0 

Potash  ration 1  1  1 

Plat  No 17  20  22 

Roott.  RocU.  Top:  Roots. 

Nitrogen 2.32  2.22  3.25  2.55 

Phosphoric  acid 1.31  1.28  1.33  1.28 

Potassium  oxid 3.82  3.94  3.28  3.69 

Sodium  oxid 1.71  1.38  1.45  1.23 

Calcium  oxid 91  1.03  4.98  .98 

Magnesium  oxid 36  .41  1.58  .50 

Yield,  green,  pounds 382  392  640  369        371        376 


Strap-Leaped,  Flat  Turnip  (Roots),  1905. 

Onoe-limod  Carbonates. 


1 

i 

f 

i 

18 

38 

RooU. 

Recti. 

2.24 

2.51 

1.23 

1.33 

3.15 

3.33 

1.70 

2.09 

.90 

1.02 

.38 

.33 

Soda  ration 1  J  1  J 

Potash  ration J  J  J  J 

Plat  No 96  80  87  86 

Nitrogen 2.54  2.77  3.33  3.07 

Phosphoric  acid 1.42  1.41  1.47  145 

Potassium  oxid     2.48  2.29  1.68  1.92 

Sodium  oxid 2.39  2.12  3.46  2.45 

Calcium  oxid 87  1.00  .90  104 

Magnesium  oxid 36  .36  .38  40 

Yield,  green,  pounds 385  311  269  227 


Digitized  by  VjOOQIC 


Functions  op  Sodium  Salts.  315 


Srap-Lbafbd,  Flat  Turnip  (Roots),  1905. 

Onoe-lfinad  Gftrbonates. 


i 

0 

1 

1 

1 

i 

83 

84 

25 

2.22 

2.53 

2.61 

1.41 

1.40 

1.46 

3.53 

3.53 

2.80 

1.47 

1.26 

1.99 

Soda  ration 1 

Potash  ration 1 

Rat  No 29 

Nitrogen 2.40 

Phosphoric  acid 1 .  40 

Potassium  oxid 3 .45 

Sodium  oxid - 1.66 

Calcium  oxid 90         .81         .78         .84 

Magnesium  oxid 35         .34         .46         .38 

Yield,  green,  poimds 358        420        414        389 


Strap-Leafed,  Flat  Turnip  (Roots),  1905. 

Thrice-Umed  CarbonatM. 


Soda  ration 1  }  1  I 

Potash  ration J  }  i  t 

Plat  No 38  48  42  47 

Nitrogen 2.67  3.28  2.70  2.60 

Phosphoric  acid 1.39  1.30  1.38  1.41 

Potassium  oxid 2.94  2.03  2.62  3.25 

Sodium  oxid 2.13  2.47  2.04  1.72 

Calcium  oxid 89  1.15  .90  .88 

Magnesium  oxid 39  .41  .40  .37 

Yield,  green,  pounds 372  246  343  404 
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Strap-Leaped,  Flat  Turnip  (Roots),  1905. 

Thrice-limed  Carbonates. 

Soda  ration 1  ^ 

Potash  ration 1  1 

Plat  No 41  44 

Nitrogen 2.45  2.59 

Phosphoric  acid 1 .42  1 .43 

Potassium  oxid 3.50  3.88 

Sodium  oxid 1.75  1.38 

Calcium  oxid 74  .89 

Magnesium  oxid 46  .41 

Yield,  green,  pounds 394  399 


0 

1 

1 

i 

46 

87 

2.52 

2.42 

1.31 

1.38 

3.49 

3.22 

1.27 

1.90 

.88 

.92 

.42 

.38 

384 

392 

Digitized  by  VjOOQIC 


REPORT  OF  METEOROLOGIST. 


NATHANIEL   HELME. 


Summary,  July  1,  1905,  to  June  30,  1906. 

Temperature. 

Maximum 92^  July  19,  1905. 

Minimum —3^  January  10,  1906. 

Highest  daily  mean 80"*  July  18,  and  19,  1905. 

Lowest  daily  mean 9®  February  3,  1906. 

Highest  monthly  mean. . . .    70.3°  July,  1905. 

Lowest  monthly  mean 28.6°  February,  1906. 

Mean  temperature  of  the 

year 48.4° 

Precipiiaiion,     (Rain  and  melted  Snow.) 

Total  for  the  year 53.57  inches. 

Largest  monthly 6.34  inches,  March,  1906. 

Least  monthly 1.75  inches,  October,  1905. 

Greatest   in   any  24   consecutive 

hours 2.21  inches,  Sept.  4,  1905. 

Snowfall  (unmelted) 27       inches,  December,  3  inches; 

January,  9  inches;  February,  4  inches;  March,  11  inches. 

Prevailing  Winds. 

Southwest;  July,  August,  1905;  May,  June,  1906.  West;  September, 
October,  November,  December,  1905;  January,  February,  March, 
1906.     Northwest;  April,  1906. 
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Weather. 

Number  of  clear  days  in  the  year 175 

Partly  cloudy  days 99 

Cloudy  days 91 

Days  with  .01  inch  or  more  of  precipitation 97 

Summary  by  months,  1905-1906. 


Months. 


I 


I 
I 

I 


«  o 

.2.9 

,    ""'? 

I    a  o 

I  a 

Hi 


1 


1 


I 
I 


I 

I 


I 

I 


4 

•§.5 


1005. 

July 

August 

Septambsr. , . 

October 

November. . . . 
December. . . . 

1006. 

January 

February 

March 

April 

May 

June 


Total.... 
Me^ui.. 


02« 

87« 
70° 
70*> 

58" 

62° 
66° 

72'* 
86** 
87* 


72.8° 


50° 
45° 
33° 
27° 
12° 
0° 

—3° 

—2° 

5° 

20° 

32° 

42° 


70.3° 
66.3° 
60.4° 
*61.8° 
30.6° 
33.2° 

33° 

28.6° 

31.2° 

45.4° 

56.4° 

64.4° 


3.71 
4.66 
5.86 
1.75 
4.23 
5.71 

5.16 
4.71 
6.34 
3.72 
4.56 
3.16 


22.5° 


53.57 


0 

4 
11 


15 
16 
16 
20 
18 
15 

13 
12 
13 
12 
16 
10 


7 
6 
3 
6 
0 
7 

11 
0 
0 

12 
0 

11 


0 
10 
11 
6 
3 
0 

7 
7 
0 
6 
6 
0 


27 


175 


00 


01 


8 
11 
11 
5 
6 
6 

12 

6 

11 

7 
8 


8.W. 
8,W. 
W. 

w. 
w. 

w. 

w 
w. 
w. 

N.  W. 
S.W. 


6  S,W. 


07 


48. 


..4-! 


The  principal  characteristics  of  the  wealher  for  each  month  were  as 
follows: 

The  mean  temperature  of  July  and  the  precipitation  were  both 
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slightly  above  the  average,  and  the  weather  was  favorable  for  gather- 
mg  the  hay  crop. 

The  mean  temperature  of  August  was  slightly  below  and  the  rain- 
fall above,  the  average.  The  weather  of  the  month  was  about  the 
normal,  the  precipitation  being  well  distributed. 

The  rainfall  for  September  was  above,  and  the  temperature  below, 
the  average.  There  was  killing  frost  on  low  land  on  the  morning  of 
the  27th. 

The  precipitation  for  October  was  below  the  average,  and  the  least 
for  the  month  since  1897.  Fine  weather  for  harvesting  and  out-door 
labor  prevailed  during  the  month.  There  were  killing  frosts  on  the 
23rd,  26th,  27th  and.  30th.  The  mean  temperature  was  slightly 
below  the  average. 

The  weather  for  November  was  unusually  pleasant  there  being  but 
three  cloudy  days  in  the  month.  The  temperature  and  precipitation 
were  each  below  the  average. 

The  mean  temperature  of  December  was  ten  degrees  higher  than 
that  of  the  same  month  in  1904.  The  ground  was  bare  of  snow  for 
the  greater  part  of  the  time  and  at  the  end  of  the  month  there  was 
practically  no  frost  in  the  ground. 

It  was  the  warmest  January  since  1890  and  the  maximum  tempera- 
ture was  the  highest  for  the  month  on  our  record.  There  was  no 
frost  in  the  ground  at  the  end  of  the  month. 

With  the  exception  of  three  days,  the  ground  was  bare  of  snow 
during  the  whole  month  of  February.  Robins  and  blue  birds  were 
seen,  daffodils  were  in  bud  and  willows  were  already  in  bloom  by  the 
latter  part  of  the  month. 

The  mean  temperature  of  March  was  less  than  that  of  either  De- 
cember or  January.  It  was  below  the  average  for  the  month  for 
seventeen  years,  and  but  twice  during  that  period  has  it  been  lower. 
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viz.  in  1896  (30.6^)  and  1900  (29.4^).  The  precipitation  was  above 
the  average  while  the  snowfall  was  greater  than  in  any  one  of  the 
winter  months.  The  minimum  temperature  of  6®  on  the  24th,  was 
something  unusual  for  so  late  a  date  in  the  month. 

The  mean  temperature  of  April  was  slightly  above,  and  the  pre- 
cipitation below,  the  average  for  the  month.  There  were  killing 
frost  on  the  24th  and  26th. 

The  precipitation  and  temperature  of  May  were  each  above  the 
average.  There  was  killing  frost  on  the  11th  and  on  low  land  on  the 
22nd. 

The  record  for  June  shows  a  mean  temperature  above,  and  pre- 
cipitation below,  the  average.  The  month  ended  with  one  of  the 
severest  thunder  storms  that  has  been  experienced  here  for  several 
years,  considerable  damage  being  done  by  lightning. 

The  following  tables  show  the  maximum,  minimum,  and  mean 
temperature,  character  of  day,  precipitation  and  prevailing  wind  for 
each  day  in  the  year;  and  also  a  general  summary  from  January  1, 
1890,  to  June  30,  1906,  inclusive. 
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WEATHER  SUMMARY  FOR  JULY,  1905. 


Tempebatubb. 

Pbbcipita- 

TION. 

PBET  AILING 

Wind. 
S.  W. 

Characteb 

Max. 

MiN. 

Mean. 

or  Dat. 

1 

77 

64 

66.6 

.  Cloudy. 
Cloudy. 

2 

68 

61 

64.5 

.11 

S. 

3 

81 
88 
70 

61 
69 
67 

71 

73.6 

63.6 

Variable. 
W. 

8. 

Clear. 

4 

Clear 

5 

Cloudy. 
Fair. 

6 

76 

69 

67 

S. 

7 

80 

61 

70.6 

8.  W. 

Cloudy. 
Fair. 

8 

83 

63 

73 

8.  E. 

0 

86 
89 

64 
66 

74.6 
77.6 

s.w. 
w. 

Clear. 

10 

Clear. 

11 

87 

67 

77 

s.w. 

Clear. 

12 

86 

68 

76.5 

1.38 

s.w. 

Fair. 

13 

84 
83 

70 
67 

77 
76 

s.w. 

s.w. 

Fair. 

14 

.17 

Fair. 

15 

82 
78 

61 
64 

71.6 
66 

w. 
s.w. 

Clear. 

16 

Clear. 

17 

88 

63 

76.6 

.48 

s.w. 

Fair. 

18 

91 

69 

80 



s.w 

Clear. 

10 

92 

68 

80 

Trace. 

s.w. 

Clear. 

20 

86 

63 

74 

w. 

Clear. 

21 

82 

69 

70.6 

w. 

Clear 

22 

79 

66 

67.6 

s.w. 

Fair. 

23 

66 

68 

61.6 

.46 

N.  E. 

Cloudy. 

24 

70 

64 

62 

.36 

s. 

Cloudy. 

26 

78 

66 

67 

w. 

Clear. 

26 

77    . 

61 

64 

w. 

Clear. 

27 

80 

60 

66 

w. 

Clear. 

28 

82 

66 

69 

s. 

Clear. 

29 

74 

63 

68.6 

.27 

e. 

Cloudy. 

30 

76 

63 

69.6 

.48 

Variable. 

Cloudy. 

31 

67 

68 

62.6 

N.  W. 

Cloudy. 

2  481 

1.879 

2.180 

3.71 

Mean 

80 

60.6 

70.3 

Ifaj 

Min 

ixnumtampc 

tmture 

imture 

...92».          M 
...60».          P 

ean  temperatu 
revailing  wind 

re 70.3 

8.^ 

J*. 
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WEATHER  SUMMARY  FOR  AUGUST,  1905. 


Trmpbratubb 

Pbbcipita- 

TIOH. 

PBEVAILINa 

Wind. 

Max. 

Mm. 

Mean. 

or  Day. 

1 

64«> 

550 

59.5** 

.13 

N. 

Cloudy. 

2 

79 

52 

65.5 

W. 

Clear. 

3 

80 

55 

67.6 

N.  W. 

dear. 

4 

79 

56 

67.5 

W. 

Clear. 

5 

80 

62 

71 

8. 

Clear. 

5 

^.       81 
86 
82 
78 

61 
66 
61 
67 

71 
76 
71.5 
72.5 

8.  W. 
8.  W. 
8.  W. 
8.  W. 

Clear. 

7 

Clear. 

8 

Cloudy. 

9 

.58 

Rainy. 

10 

79 

66 

72.5 

8.  W. 

Cloudy. 
Fair. 

11 

83 
83 

70 
69 

76.5 
76 

8.  W. 
8.  W. 

12 

.08 

Cloudy. 

13 

82 

65 

73.5 

.40 

Variable. 

Cloudy. 

14 

73 
62 

60 
54 

66.5 
68 

N.  E. 
N.  E. 

Fair. 

15 

1.42 

Rainy. 

16 

58 

53 

65.5 

.36 

N.  E. 

Cloudy. 

17 

72 
71 
69 

46 
46 
49 

59 

58.5 

59 

Variable. 
N.  E. 
N.  E. 

Clear. 

18 

Clear. 

10 

Clear. 

20 

73 

49 

61 

8. 

Fair. 

21 

80 

58 

69 

8.  W. 

Clear. 

22 

82 

60 

71 

8.  W. 

dear. 

23 

87 

63 

76 

N.  W. 

Clear. 

24 

85 

57 

71 

.16 

8.  W. 

Fair. 

26 

72 

58 

66 

.33 

N.  E. 

Cloudy. 

26 

74 

54 

64 

^.  E. 

Fair. 

27 

66 

46 

56 

.16 

N.  E. 

Clear. 

28 

72 
76 

46 
64 

68.6 
64.6 

N.  W. 

N.  W. 

Clear. 

29 

.18 

Fair. 

30 

73 

64 

63.6 

.87 

8.  W. 

Cloudy. 

31 

66 
2^46 

53 
1.764 

69.5 
2.065 

N. 

dear. 

Sum 

4.66 

Mean 

76.7 

66.9 

66.3 

Maximum  temperature . 
Minimum  temperature. . 


.87°.  Mean  temperature 66.3° 

.45°.  Prevailing  wind 8.  W. 
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Tempkratubb. 

Precipita- 
tion. 

PREVAn*INO 

Wind. 

Max. 

MXN. 

Mean. 

OF  DaT. 

1 

68« 

49** 

58. 5° 

Trace. 

S. 

Fair. 

2 

72 

54 

63 

.02 

S. 

Cloudy. 

3 

65 

60 

62.5 

2.17 

S.  R 

Rainy. 

4 

72 

65 

68.5 

2.21 

S. 

Rainy. 

5 

77 

59 

68 

s.  w. 

Fair. 

6 

73 

53 

63 

.03 

8.  W. 

Clear. 

7 

74 
72 

53 
51 

63.5 
61.5 

W. 

Variable. 

Clear. 

8 

Clear. 

9 

78 

52 

65 

W. 

Clear. 

10 

79 

53 

66 

8.  W. 

Clear. 

11 

69 

55 

62 

.20 

8. 

Cloudy. 

12 

66 

57 

61.5 

.82 

8.  E. 

Rainy. 

13 

70 

55 

62.5 

N.  W. 

Cloudy. 
Clear. 

14 

63 

41 

52 

N.  W. 

15 

64 

38 

51 

Variable. 

Fair. 

16 

65 

48 

56.5 

8. 

Cloudy. 
Cloudy. 

17 

70 

58 

64 

.03 

8.  E. 

18 

72 

57 

64.5 

.10 

e. 

Cloudy. 

19 

68 

60 

64 

.15 

N.  E. 

Cloudy. 

20 

66 

59 

62.5 

.13 

8.  E. 

21 

72 

54 

63 

N.  W. 

Clear 

22 

79 

50 

64.5 

8.  W. 

Clear. 

23 

71 
65 

50 
43 

60.6 
54 

W. 
W. 

Clear. 

24 

Clear. 

25 

62 
58 
63 

42 
34 
33 

52 
46 
48     - 

W. 
W. 
W. 

Clear. 

26 

Clear.    • 

27 

Clear. 

28 

72 

44 

58 

8.  W. 

Clear. 

29 

70 

49 

'59.5 

8.  W. 

Clear. 

'  30 

79 

2.094 
69.8 

53 

1^29 
51 

66 

1.811.5 
60.4 

W. 

Clear. 

Sum 

6.86 

Mean 

Maxirnum  temperature. 
Minimum  temperature. 


.  79°.  Mean  temperature 60.4^ 

.33^  Prevailing  wind, W. 
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1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Sum. . 
Mean. 


Temperatubk. 


Max. 


69» 

64 

75 

78 

79 

62 

62 

67 

77 

61 

66 

62 

60 

68 

77 

73 

64 

66 

73 

61 

54 

63 

63 

60 

64 

47 

52 

59 

60 

51 

64 

1.941 
62.6 


MiN. 

60° 

60 

66 

46 

56 

42 

36 

37 

60 

41 

47 

40 

32 

42 

47 

54 

39 

42 

60 

64 

34 

27 

32 

33 

41 

29 

27 

33 

33 

29 

32 

1.269 
40.9 


Bis  AN. 

69.6*» 

67 

65 

62 

67 

62 

49 

62 

63.6 

51 

61.6 

61 

66 

65 

62 

63.5 

61.6 

64 

66.6 

57.6 

44 

40 

42.5 

46.5 

47.5 

38 

39.5 

46 

41.6 

40 

43 

1,605 
51.8 


Precipita- 
tion. 


.09 


.39 


.04 
1.15 


.08 


1.75 


Prevaiuno 
Wind. 


Variable. 
S.  K 
W. 
W. 

w. 

N. 
Variable. 

W. 
Variable. 

S. 

E. 

W. 

W. 

W. 
S.  W. 

s.  w. 
aw. 

8.  K 

S.  E. 

Variable. 

N.  W. 

W. 

W. 
S.  W. 

W. 

N. 

N. 
N.  R 
N.  E. 
N.  E. 
S.  E. 


Charactsb 
OP  Day. 


Clear. 

Cloudy. 

Fair. 

Clear. 

Clear. 

Clear. 

Clear. 

aear. 

Clear. 

Clear. 

Cloudy. 

Clear. 

Clear. 

Dear. 

aear. 

Fair. 

Clear. 

Fair. 

Cloudy. 

Rainy. 

Clear. 

Fair. 

Clear. 

Fair. 

Houdy. 

Clear. 

Clear. 

aear. 

aear. 

Clear. 

Fair. 


Maximum  temperature. 
Minimum  temperature. 


.79°. 
.27°. 


Mean  temperature 51.8°. 

Prevailing  wind west. 
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Tempebatubi!. 

Pbkcipita- 
noN. 

Prevaiunq 
Wind. 

OHARA<^m 

Max. 

MXN. 

Mban. 

OF  DaT. 

1 

63*» 

46 

62 

52 

54 

53 

62 

48 

48 

45 

48 

55 

57 

42 

48 

48 

43 

48 

48 

38 

40 

53 

57 

58 

63 

52 

47 

48 

55 

58 

1^18 
50.6 

35'» 

23 

27 

34 

31 

30 

32 

32 

26 

24 

23 

35 

38 

12 

15 

38 

31 

30 

24 

10 

23 

23 

20 

37 

30 

32 

28 

22 

45 

14 

860 
28.7 

40** 

34.5 

30.5 

42.5 

46 

42 

40 

37 

34.5 

35.5 

45 

47.6 

27 

31.6 

43 

37 

30 

36 

28.5 

60.5 

38 

43 

47.5 

51 

42 

37.5 

35 

50 

36 

1.180 
30.6 

8.  W. 
W. 

8.  E. 

N.  W. 

W. 

Variable. 

N.  E. 

W. 

W. 

w. 

8.  W. 

8.  W. 
8.  W. 
N.  W. 

8. 

W. 

W. 

w. 

N.W. 
N. 
W. 

w. 
w. 

8.  W. 
W. 

N.  E. 
W. 
8.  K 
8.  E. 
N.W. 

Fair. 

2 

Clear. 

3 

Fair. 

4 
5 

1.34 

Clear. 
Fab. 

6 

7 

.26 

Fair. 
Fair. 

8 

Fair. 

9 

Clear. 

10 

Clear. 

11 

Clear. 

12 

Clear. 

13 
14 

Trace. 

Fair. 
Clear. 

15 
16 

.30 

Fair. 

Cloudy. 

Fair. 

17 

18 

Clear. 

10 

Clear. 

20 



dear. 

21 

Clear. 

22 

Clear. 

23 

Clear 

24 

Clear 

25 
26 

.05 

Clear. 
Clear 

27 

Clear 

28 
20 
80 

.03    • 
2.25 

Cloudy. 
Rainy. 
Clear. 

8mn 

4.23 

Mean 

Maximum  temperature 63^ 

Minimtmi  temperature 12^ 


Mean  temperature 30.6**. 

Prevailing  wind west. 
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R.  I.  Agl.  Expt.  Sta.  Rep.,  1906. 
WEATHER  SUMMARY  FOR  DECEMBER,  1905. 


Tempebaturk. 

Precipita- 
tion. 

Wind. 

Characteb 

Max. 

MiN. 

Mean. 

OF  Day. 

1 

33«> 

49 

58 

40 

33 

41 

45 

51 

38 

36 

35 

35 

45 

35 

22 

33 

33 

52 

43 

50 

52 

52 

47 

40 

38 

40 

47 

57 

54 

49 

43 

1,326 
42.8 

9'» 
18 
40 
23 
15 
18 
24 
28 
26 
19 
10 
22 
21 
19 

9 
17 
25 
22 
26 
30 
30 
38 
32 
24 
18 
18 
28 
28 
35 
33 
25 

730 
23.6 

2i« 

33.5 

49 

31.5 

24 

29.5 

34.5 

39.5 

32 

27.5 

22.5 

28.6 

33 

27 

15.5 

25 

29 

37 

34.5 

40 

41 

45 

39.5 

32 

28 

29 

37.6 

42.5 

44.5 

41 

34 

1.028 
33.2 

,  N.  W. 
8. 
8. 
W. 
W. 

w. 
w. 
w. 

N.  E. 
N.  W. 

W. 
N.  E. 

W. 

W. 
N.  E. 
N.  E. 

N. 

W. 

Variable. 

N.W. 

aw. 

W. 

8.  W. 
W. 

w. 

.  .w. 

w. 

w. 

8. 

w. 
w. 

Clear. 

2 
3 

4 
5 

Trace. 
1.92 

Cloudy. 

Clear, 
dear. 

6 

Fair. 

7 

Clear. 

8 

Clear. 

9 
10 
11 

.05 
1.00 

Cloudy. 

Fair. 

Cloudy. 

12 

Fair. 

13 

Fair. 

14 

Clear. 

15 

Cloudy. 

16 

Fair. 

17 
18 

.01 

aoudy. 
Clear. 

19 

Fair. 

20 

Clear. 

21 
22 

1.70 

Cloudy, 
aear. 

23 
24 

.16 

Cloudy. 
Clear. 

25 

Clear. 

26 

Clear. 

27 

Clear. 

28 

Clear. 

29 
30 

.88 

Rainy. 
Clear. 

31 

Fair. 

8nm.. . ,      , , 

5.71 

Mean 

1 

1 

Maximum  temperature. . 
Minimum  temperature. . 


.58^ 
.  9^ 


Mean  temperature 33.2^. 

Prevailing  wind west. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Sum.. 
Mean. 
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Tempebatdrb. 


Max, 


39'* 

35 

32 

53 

45 

40 

35 

27 

25 

26 

38 

54 

37 

36 

37 

48 

38 

42 

41 

42 

58 

60 

62 

53 

29 

36 

48 

47 

38 

46 

52 

1.299 
41.9 


MXN. 


18* 
19 
19 
31 
30 
27 
19 
17 
9 
-3 
16 
30 
27 
24 
18 
33 
26 
24 
25 
24 
41' 
40 
47 
28 
14 
16 
25 
33 
17 
20 
33 

747 
24.1 


Mean. 


28.6*» 

27 

25.5 

42 

37.5 

33.5 

27 

22 

17 

11.5 

27 

42 

32 

30 

27.5 

40.5 

32 

33 

33 

33 

40.5 

50 

54.5 

40.5 

21.5 

26 

36.5 

40 

27.5 

33 

42.5 

1.023 
33 


Precipita- 
tion. 


.09 
1.85 


.05 
.10 
.25 


.90 


.96 


.28 
.03 


.36 


.26 


5.16 


Prevailino 
Wind. 


N.  W. 
W. 

N.  E. 
S. 

w. 
w. 
w. 
e. 
w. 
w. 
s. 

Variable. 
N.  E. 

N. 
Variable. 

S. 

W. 

s.  w. 

w. 

s.  e. 

8.  W. 
S.  W. 

s. 

N.  W. 

N. 
N.  E. 

E. 

N. 

N. 
8.  W. 

8. 


Character 
or  Day. 


Clear. 

Fair. 

Fair. 

Cloudy. 

Fair. 

Clear. 

Clear. 

Cloudy. 

Clear. 

Clear. 

Fair. 

Cloudy. 

Cloudy. 

Cloudy. 

Fair. 

Fair. 

Clear. 

Fair. 

Clear. 

Cloudy. 

Fair. 

Clear. 

Cloudy. 

Fair. 

Fair. 

Clear. 

Clear. 

Fair. 

Clear. 

Clear. 

Clear, 


MaTrimuTn  temperature 62**. 

Minimufn  temperature -3**. 


Mean  temperature 33**. 

Prevailinff  wind west. 
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R.  I.  Agl.  Expt.  Sta.  Rep.,  1906. 


WEATHER  SUMMARY  FOR  FEBRUARY,  1906. 


Sum., 
Meui. 


Temperaturk. 


Max. 


MiN. 


Mean. 


1 

46« 

27« 

36** 

2 

36 

3 

19 

3 

20 

—2 

9 

4 

41 

10 

26.6 

5 

48 

19 

33.6 

6 

22 

4 

13 

7 

22 

10 

16 

8 

31 

6 

18.6 

9 

37 

24 

30.6 

10 

36 

20 

27.5 

11 

29 

10 

19.6 

12 

39 

22 

30.6 

13 

39 

33 

36 

14 

48 

32 

40 

16 

36 

14 

24.6 

16 

36 

8 

21.6 

17 

38 

13 

26.6 

18 

37 

21 

29 

19 

44 

26 

34.6 

20 

49 

28 

38.6 

21 

66 

36 

45.6 

22 

61 

29 

40 

23 

43 

26 

34 

24 

62 

26 

38.6 

25 

36 

28 

32 

26 

47 

27 

37 

27 

39 

18 

28.6 

28 

26 

9 

17 

1.078 

623 

800.6 

1 

38.6 

18.7 

28.6 

,   FREcnrrA- 
1        noN.        I 

I 


1.78 


.43 
.02 


.05 


2.07 


.36 


4.71 


PRETAILINO       ChAKACTSB 

Wind.  of  Day. 


W. 
N.  W. 

W. 
S.  W. 

aw. 

N. 

N. 

R 
N.  E. 

W. 
N.  W. 
N.  E. 
N.  E 
Variable. 
N.  W. 
N.  W. 

R 
8.  W. 

W. 
8.  W. 

8. 
N.  W. 
Variable.* 
8.  W. 
8.  R 
N.  W. 

N. 
N.  W. 


Fair. 

Clear. 

Clear. 

doudy. 

Fair. 

Fair. 

Fair. 

Fair. 
Rain  A  Snow 

dear. 

Clear. 

doudy. 
Rain  A  foe 

doudy. 

Fair. 

dear. 

dear. 

Fkir. 

Fair. 

dear. 

Rainy. 

dear. 

dear. 

dear. 

Cloudy. 

dear. 

Fair. 

Clear. 


Mft-rimiim  temperature 66°. 

Minimum  temperature — 2**. 


Mean  temperature. 
Prevailing  wind. . . . , 


.28.6^ 
.weet. 
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1 

Tempebaturb. 

PbeciptTa- 
noN. 

PRBYAIUNa 

Wind. 

CHABAcrm 

1 

Max. 

31'* 

41 

47 

52 

46 

39 

46 

48 

42 

50 

48 

44 

32 

31 

30 

41 

33 

33 

37 

42 

: 

30 
33 
38 
40 
50 
48 
53 
42 
45 

1^74 
41.1 

MlN. 

Mean. 

18« 

27.5 

36.5 

43.5 

36 

28 

34 

40.5 

35.5 

39.5 

36.5 

35 

21 

23.5 

21 

26.5 

24.5 

22.5 

26.5 

33 

26.5 

34.5 

20 

19.5 

26.5 

30.5 

44 

41.5 

41 

39.5 

38.5 

969 
31.2 

OF  Day. 

1 

5^ 
14 
26 
35 
26 
17 
22 
33 
29 
29 
25 
26 
10 
16 
12 
12 
16 
12 
16 
24 
15 
21 
10 

6 
15 
21 
38 
35 
29 
37 
32 

664 
2i.4 

W. 
W. 

N.  E. 

W. 
N.  W. 
8.E. 
8.  W. 

s.  w. 

N.  W. 
S.  W. 

W. 
N.  W. 

Variable. 

N.  E. 
N.  E. 
N.  W. 
N.  W. 
N.  W. 

E. 

W. 

s.  w. 
w. 

N.  W. 
N. 
E. 
E. 

S. 

w. 
w. 

N.K 
N.  W. 

Clear. 

2 

Clear 

3 

4 
5 

.91 
1.25 

Rainy. 
Cloudy. 
Clear. 

6 

Clear. 

7 



Fair. 

8 
9 
10 

.10 
.37 

Fair. 

Rainy. 

Clear. 

11 

Fair. 

12 
13 

.18 

Fair. 
Fair. 

14 

Fair. 

15 
16 

1.00 

Rain  &  Snow. 
Clear. 

17 

Clear. 

18 

Clear. 

19 
20 

1.10 

Rain  &  Snow 
Fair. 

21 

Clear. 

22 

Clear. 

23 

Clear. 

24 

Clear. 

25 

Clear. 

26 
27 
28 

.11 
.31 

Rainy. 
Rainy. 
Fair. 

29 

Fair. 

30 
31 

Sun. 

.92 
.09 

6.34 

Rainy. 
Cloudy. 

Mean 

Mai 
Min 

,imiim  temp< 
Lmum  temp< 

erature 

irature 

....53^ 
....   5«. 

Mean  tempers 

iture V 

id y 

J1.2^ 
nrest. 
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330  R.  I.  Aql.  Expt.  Sta.  Rep.,  1906. 

WEATHER  SUMMARY  FOR  APRIL,  1906. 


rSMPERATURi:. 

Pbbcipita- 
noN. 

Prbvaiuno 
Wind. 

Max. 

MiN. 

MSAN. 

OP  Dat. 

1 

48« 

20* 

34* 

N.  W. 

Clear. 

2 

43 
50 

22 
23 

32.5 
36.5 

N.  W. 

s.  w. 

Clear 

» 

Clear. 

4 

62 

27 

44.5 

s.  w. 

Fair. 

5 

62 
48 

38 
37 

50 
42.5 

w. 
w. 

Fair. 

6 

.30 

Fair. 

7 

50 

26 

38 

w. 

Clear. 

8 

52 

31 

41.5 

N. 

Clear. 

9 

43 

29 

36 

.46 

N.  E. 

Rainy. 

10 

56 

35 

46.5 

2.02 

Variable. 

Rainy. 

11 

57 

35 

46 

N.  W. 

Fair. 

12 

54 

39 

46.6 

N.  W. 

Fair. 

13 

55 

32 

43.5 

W. 

Clear. 

14 

52 

34 

43 

8.  E. 

Cloudy. 
Rainy. 

15 

53 

46 

49.5 

.29 

S.  E. 

Id 

59 
62 
68 
62 
58 
72 
62 

42 
35 
39 
35 
39 
41 
43 

50.6 
48.5 
63.6 
48.5 
48.5 
56.6 
52.6 

N.  W. 

W. 
8.  W. 
8.  E. 
8.  R 
8.  W. 
8.  W. 

Fair. 

17 

dear. 

18 

Clear. 

19 

Fair. 

20 

Fair. 

21 

Fair. 

22 

.02 

Fair. 

23 

44 

37 

40.6 

.26 

N.  E. 

Rainy. 

24 

55 

32 

43.5 

N.  W. 

Fair. 

26 

55 
61 

35 
30 

46 
45.5 

N.  W. 
W. 

Fair. 

26 

Clear. 

27 

60 

40 

50 

W. 

Clear. 

28 

62 

40 

51 

N.  W. 

Clear. 

29 

63 

38 

50.6 

W. 

Clear. 

30 

57 

40 

48.5 

.38 

8. 

Rainy. 

Buin 

1  685 

1  040 

1.362.5 

3.72 

1 

Mean 

56.2 

34.7 

45.4 

1 

! 

Maxin 
Minim 

lum  t«mperf 
um  tempera 

iture 

ture 

..72".              A 
..20°.              I 

f  ean  temperati 
Prevailing  wine 

ire 45 

I no 

4*. 

rthwest. 
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Temperatubb. 

Precipita- 
tion. 

Prevaiunq 
Wind. 

CHABAcrm 

Max. 

70« 
58 
69 

42« 
*      41 
48 
38 
48 
51 
46 
42 
39 
38 
32 
37 
63 
42 
38 
38 
61 
68 
.       68 
46 
38 
37 
42 
51 
66 
60 
68 
44 
42 
41 
60 

U94 
46 

Mkan. 

or  Day. 

1 

1         2  • 

3 
4 

66° 

49.6 

68.6 

48 

60.6 

69 

62 

61.6 

49.6 

44 

44.6 

49.6 

66.6 

64.6 

49 

68.6 

63.6 

72 

72 

67 

49 

61 

67 

66 

69 

62.6 

60.6 

62 

52 

64.6 

60 

1.748 
66.4 

W. 

S. 

w. 
s.  w. 
s.  w. 

s. 

N.  W. 
N.  W. 

S. 
N.  W. 

W. 

s.  w. 
s.  w. 

Variable. 

Variable. 

8.  W. 

8.  W. 

S.  W. 

W. 

W. 

Clear. 

.62 

Rainy. 
Fair. 

Clear. 

5                   73 

Clear. 

6 
7 
8 
9 
10 
11 
12 

67 
58 
61 
60 
50 
57 
62 
80 
67 
60 
79 

76 

• 

86 

Trace. 

.88 

Cloudy. 
Cloudy. 
Clear. 

.02 

Fair. 
Fair. 

Clear. 

Clear. 

13 

Fair. 

14 
15 

.34 

Fair. 
Clear. 

16 

Clear. 

17 

Fair. 

18 

Clear. 

19                   86 

Clear. 

20                   69 

Clear. 

21                    60 

s.  w. 

8.  W. 
8.  W. 

Clear. 

22          1         65 

Clear. 

23 

72 
79 
82 

Clear. 

24 
25 

.04 

8.  W. 
8.  W. 

s.  w. 

8. 
N.  E. 
N.  W. 
N.  W. 
8.  W. 

Fair. 
Clear. 

t 
26           1          75 

Fair. 

27 
28 
29 
30 

63 
60 
62 
68 
70 

2,102 
67.8 

.13 
2.16 

.48 

Cloudy. 
Rainy. 
Fair. 
Clear 

31 

Cloudy. 

Sum,. 

4.66 

Mean 

Blazimtun  tempen 
Minimum  temp^m 

iture 86°.             li 

ffoftll  t6ZXID6ratum                       F\({  A^ 

ture 32°.              1 

Prevailing  wind 

sol 

Jthwe^t. 

26 
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WEATHER  SUMMARY  FOR  JUNE,  1906. 


3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Bum.. 
Mean. 


Max. 

78'* 

75 

77 

73 

77 

77 

68 

60 

77 

82 

72 

65 

72 

78 

83 

60 

76 

60 

68 

76 

73 

74 

78 

71 

77 

77 

83 

87 

85 

87 

2,246 
74.8 


1.616 
63.9 


Temperature. 

MiN. 

50'» 

66 

54 

51 

52 

57 

51 

47 

56 

59 

52 

42 

47 

50 

50 

62 

68 

56 

53 

49 

51 

61 

56 

54 

66 

65 

69 

63 

63 

59 


Mean. 


64'* 

66.5 

65.5 

62 

64.5 

67 

59.6 

53.6 

66 

70.5 

62 

53.6 

59.5 

64 

66.5 

56 

66.5 

58 

60.6 

62.5 

62 

67.6 

66.6 

62.6 

66 

66 

71 

76 

74 

73 

1.990.5   • 
64.4 


Precipita- 
tion. 


Prevaiunq 
Wind. 


.21 


1.37 
.36 

.16 


.60 
3.16 


S.  W. 

8.  W. 

W. 

s.  w. 
s.  w. 
s.  w. 

N.  E. 
N.  E. 
8.  W. 

W. 

N.  W. 

Variable. 

Variable. 

W. 
S.  E. 

R 

E.. 
N.  E. 
N.  E. 
S.  E. 

E, 
8.  W. 
8.  W. 

E. 

W. 


Character 
or  Dat. 


Cloudy. 
Cloudy. 
Clear. 
Clear. 
Fair. 
Cloudy. 
Fair. 
Cloudy, 
aoudy. 
aear. 
Fair, 
aear. 
aear. 
aear. 
Clear. 
Rainy. 
Cloudy, 
aoudy. 
Fair. 
Clear. 
Fair. 
Clear. 
Fair. 
Fair. 
Fair. 


w. 

Fair. 

8.  W. 

aear. 

Variable. 

Fair. 

W. 

Fair. 

W. 

Fair. 

Maximum  temperature 87". 

Minimum  temperature 42**. 


Mean  temperature 64.4°. 

Prevailing  wind southwest 
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SUMMARY,  JANUARY  1,  1890,  TO  JUNE  30,  1906,  INCLUSIVE. 


s 

i 

5 

i 

1 

1 

1 

\ 

1 

1 

s 

I 

^ 

s 

^ 

^ 

3^ 

48^* 

99 

143 

6«» 

49.4* 

116 

164 

—1° 

47.8* 

147 

116 

— O" 

46.6* 

126 

130 

—9'' 

48.6* 

110 

130 

_7o 

48.2* 

128 

114 

—11* 

47.7* 

131 

112 

— l** 

48.3* 

129 

126 

-4<» 

48.8* 

110 

114 

— lO* 

42.1* 

77 

44 

—6* 

48.3* 

141 

113 

—90 

48.4* 

134 

97 

—1* 

48* 

138 

116 

—12* 

48.3* 

138 

96 

—16* 

46.7* 

166 

107 

-4° 

46.3* 

161 

122 

—a 

0 

48.4* 

176 

99 

II 


1890 

1891 

1892 

1888 

1894. 

1896 

1896. 

1897. 

1898. 

1899,  Jftn.  1.  to  June  30 

July  1, 1899.  to  June  30. 1900. 
July  1. 190O.  to  June  30, 1901.. 
July  1. 1001  •  to  June  30, 1902.'. 
July  1, 1902.  to  June  30, 1903. . 
July  1. 1003.  to  June  30, 1904. . 
July  1, 1904.  to  June  30, 1906. . 
July  1, 1905.  to  June  30. 1906. . 


91* 
94* 
92* 
92* 
93* 
93* 
93* 
90* 
95* 
95* 
90* 

vr 

93* 
90* 
93* 
87* 
92* 


123 

95 

103 


120 
83 
89 


109    131 


126 

123 

123 

110 

141 

60 

111 

134 

111 

131 

103 

92 

91 


114 
108 
109 
128 
131 
69 
102 
114 
109 
103 
118 
99 
97 


69.26 
49.88 
42.66 
67.33 
48.19 
49.28 
49.87 
64.26 
72.21 
26.79 
61.67 
48.47 
63.14 
69.27 
60.06 
41.64 
68.67 


ATence  temperature.  16i  yeen,  47.6*. 


Average  piecipitation,  16i  3^ean.  62.67  inohea  . 
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REPORT  OF  THE  TREASURER. 


The  Rhode  Island  Agricultural  Experiment  Station,  inaccourUunihlht 
United  States  Appropriation,  1905-1906. 

1906.  Dr, 

To  receipts  from  the  treasurer  of  the  United  States  as  per 
appropriation  for  fiscal  year  ended  June  30,  1906,  as 
per  act  of  Congress  approved  March  2,  1887 $15,000  00 

1906.  Cr. 

By  Salaries $8,738  82 

Labor 2,132  92 

Publications 53  01 

Postage  and  stationery 206  34 

Freight  and  express 177  06 

Heat,  light,  water,  and  power 478  51 

Chemical  supplies *       40  58 

Seeds,  plants,  and  sundry  supplies 286  71 

Fertilirors 276  20 

Feeding-stuffs 538  69 

Library 439  75 

Tools,  implements,  and  machinery 485  13 

Furniture  and  fixtures 131  49 

Scientific  apparatus 3  55 

Live  stock 212  70 

Traveling  expenses 211  35 

Contingent  expenses 15  00 

Buildings  and  repairs 572  19 

$15,000  00 

We,  the  imdersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accoimts  of  the  Rhode  Island  Agri- 
oulttiral  Experiment  Station  for  the  fiscal  year  ended  June  30, 1906;  that  we  have 
foimd  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the 
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year  from  the  treasurer  of  the  United  States  are  shown  to  have  been  $15,000,  and 
the  corresponding  disbursements  $15,000,  for  all  of  which  proper  vouchers  are  on 
file,  and  have  been  examined  by  us  and  foimd  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  purposes 
set  forth  in  the  act  of  Congress  approved  March  2,  1887. 

CHARLES  DEAN  KIMBALL, 
R.  S.  BURLINGAME, 

Auditors. 


Thx  Rhode  Island  Agricultural  Experiment  Station,  in  account  with  the 
United  States  Appropriation,  1905-1906. 

1906.  Dr. 

To  receipts  from  the  treasurer  of  the  United  States  as  per 
appropriation  for  fiscal  year  ended  Jime  30,  1906,  as  per 
act  of  Congress  approved  March  16,  1906 $5,000  00 

1906.  Cr. 

By  Salaries $496  30 

Chemical  supplies 143  26 

Seeds,  plants,  and  simdry  supplies 39  97 

Fertilizers 3  00 

Library 222  21 

Tools,  implements,  and  machinery 531  20 

Scientific  apparatus 835  95 

Traveling  expenses 192  31 

Balance 2,535  80 


$5,000  00 


We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Rhode  Island  Agri- 
cultural Experiment  Station  for  the  fiscal  year  ended  June  30, 1906;  that  we  have 
foimd  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for  the  year 
from  the  treasurer  of  the  United  States  are  shown  to  have  been  $5,000.00,  and 
the  corresponding  disbursements  $2,464.20;  for  all  of  which  proper  vouchers  are 
on  file  and  have  been  by  us  examined  and  foimd  correct,  thus  leaving  $2,535.80 
as  balance  on  hand. 
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And  we  further  certify  that  the  expenditures  have  been  solely  for  the  purposes 
set  forth  in  the  act  of  Congress  approved  March  16, 1906. 

CHARLES  DEAN  KIMBALL, 
R.  S.  BURLINGAME, 

Auditors. 


C.  H.  CoooESHALL,  Treasurer,  in  account  vnth  the  Rhods  Island  Agricultural 
Experiment  Station,  for  the  year  ended  June  30, 1906. 

1906.  Dr. 

To  Balance  from  last  year $3,216  91 

Station  receipts 479  45 

Interest 106  88 

$3,803  24 
1906.  Cr. 

By  Publications $2  25 

Postage  and  stationery 24  54 

Seeds,  plants,  and  sundry  supplies 13  35 

Traveling  expenses 4  69 

Contingent  expenses 23  30 

Buildings  and  repairs 13  48 

Balance 3,721  63 


$3,803  24 


This  certifies  that  we,  the  undersigned,  auditing  committee  of  the  Board  of 
Managers  of  the  Rhode  Island  College  of  Agriculture  and  Mechanic  Arts,  have 
examined  the  account  of  C.  H.  Coggeshall,  treasurer  of  the  Rhode  Island  Agricul- 
tural Experiment  Station,  and  find  the  same  correct. 

The  total  receipts  were  $3,803.24,  and  the  total  expenditures  were  $81.61,  thus 
leaving  a  balance  to  new  account  of  $3,721  63. 

CHARLES  DEAN  KIBifBALL, 
R.  S.  BURLINGAME, 

AudUors, 
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Directions  for  Binding  the  Bulletins  and  Reports  of  the 
Rhode  Island  Experiment  Station* 


Vol. 

1-3,* 

Bulletins 

1-9, 

Reports, 

1-3, 

1888-1890. 

4, 

tt 

10-14, 

Report, 

4, 

1891. 

5, 

(t 

15-20, 

5, 

1892. 

6, 

tt 

21-26, 

6, 

1893. 

7, 

tt 

27-30, 

7, 

1894. 

8, 

tt 

31-35, 

8, 

1895. 

9, 

tt 

36-42, 

9, 

1896. 

10, 

tt 

43-46, 

10, 

1897. 

11, 

tt 

47-51, 

11, 

1898. 

12, 

tt 

52-55 

12, 

1899. 

13, 

tt 

56-69, 

13, 

1899-1900. 

14, 

tt 

70-78, 

14. 

1900-1901. 

15, 

tt 

79-86, 

15, 

1901-1902. 

16, 

tt 

87-94, 

16, 

1902-1903. 

17, 

tt 

95-101, 

17, 

1903-1904. 

18, 

tt 

102-107, 

18, 

1904-1905. 

19, 

tt 

108-114, 

19, 

1905-1906. 

^VoIb.  1-3  in  one  cover.  Beginning  with  volume  4,  a  title  page  and  index  for  each  volume 
is  to  be  found  at  the  end  of  the  annual  report  for  each  year.  The  year  covered  by  a  volume 
formerly  was  the  calendar  year,  but  now  it  extends  from  July  1  to  June  30.  Each  volume, 
beginniiig  with  volimie  4,  is  paged  separately.  The  Bulletins  of  a  given  year  precede  the  Re* 
port,  and  the  latter  is  paged  in  continuation  of  the  last  Bulletin  belonging  in  the  volume. 
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Aboriculture,  Connersville,  Ind. 

Agricultural  Advertising,  Pittsburg,  Pa. 

Agricultural  Epitomist,  Spencer,  Ind. 

Agricultural  Gazette  of  New  South  Wales,  Australia. 

Agricultural  Ledger,  Calcutta,  India. 

American  Cultivator,  Boston,  Mass. 

American  Fancier,  Johnstown,  N.  Y. 

American  Farm  World,  Augusta,  Maine. 

American  Fertilizer,  Philadelphia,  Pa. 

American  Hay,  Flour  and  Feed  Journal,  New  York. 

American  Horse  Breeder,  Boston,  New  York  and  Chicago. 

American  Fruit  and  Nut  Journal,  Petersburg,  Va. 

American  Philosophical  Society,  Proceedings  of  the  Society. 

American  Poultry  Advocate,  Syracuse,  N.  Y. 

American  Poultry  Journal,  Chicago,  111. 

American  Sheep  Breeder  and  Wool  Grower,  Chicago,  111. 

American  Stock  Farm,  The,  Winona,  Minn. 

American  Stock  Keeper,  Boston,  Mass. 

American  Sugar  Industry  and  Beet  Sugar  Gazette,  Chicago,  111. 

Breeder's  Gazette,  Chicago,  111. 

Boletim  de  Museu  Goeldi,  Para,  Brazil. 

Boletin  Oficial  de  la  Secretaria  de  Agricultura,  Havana,  Cuba. 

Bulletins  of  the  Botanical  Department  of  Jamaica,  and  Reports  of 

Public  Gardens  and  Plantations. 
Bulletins  of  the  New  York  State  Museum. 
California  Cultivator,  Los  Angeles,  Cal. 
Chicago  Daily  Drover's  Journal,  Chicago,  111. 
Colman's  Rural  World,  St.  Louis,  Mo. 
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Connecticut  Farmer,  New  Haven,  Conn. 

Cotton  Seed,  The,  Atlanta,  Ga. 

Elgin  Dairy  Report,  Elgin,  111. 

Evening  Tribune,  Providence,  R.  I. 

Farm  and  Fireside,  Springfield,  Ohio. 

Farm  and  Live  Stock  Journal,  Detroit,  Mich. 

Farm  Journal,  Philadelphia,  Pa. 

Farm  Life,  Chicago,  111. 

Farm  Poultry,  Boston,  Mass. 

Farm,  Stock  and  Home,  Minneapolis,  Minn. 

Farmers'  Advocate,  London,  Ontario. 

Farmers'  Guide,  Huntington,  Ind. 

Farmers'  Review,  The,  Chicago,  111. 

Feather,  The,  Washington,  D.  C. 

Feathered  World,  The  London,  England. 

Flour  and  Feed,  Waukegan,  111. 

Fruit  Grower,  The,  St.  Joseph,  Mo. 

Geflugel-Ziichter,  Hamburg,  Wis. 

Hoard's  Dairyman,  Fort  Atkinson,  Wis. 

Holstein-Fresian  Register,  Brattleboro,  Vt. 

Homestead,  The,  Des  Moines,  Iowa. 

Ho8podArsk6  Listy,  Chicago,  111. 

Indiana  Farmer,  Indianapolis,  Ind. 

Journal  Royal  Horticultural  Society,  London,  England. 

Kansas  Farmer,  Topeka,  Kansas. 

Kimball's  Dairy  Farm,  Waterloo,  Iowa. 

Maryland  Agricultural  Quarterly,  College  Park,  Md. 

Massachusetts  Ploughman,  Boston,  Mass. 

Metropolitan  and  Rural  Home,  The,  New  York  City. 

Michigan  Farmer,  The,  Detroit,  Mich. 

Miscellaneous  Publications,  Department  of  Agriculture  and  Mines, 

Natal,  Africa. 
Modem  Farmer  and  Busy  Bee,  The,  St.  Joseph,  Mo. 
Missouri  Agricultural  College  Farmer,  Columbia,  Mo. 

20 
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National  Stockman  and  Farmer,  Pittsburg,  Pa. 

Nebraska  Farmer,  Omaha,  Neb. 

New  England  Farmer,  Brattleboro,  Vt. 

New  England  Homestead,  Springfield,  Mass. 

New  Farm,  Preston,  Md. 

New  Zealand  Dairyman,  The,  Wellington,  N.  Z. 

New  Hampshire  Farmer  and  Weekly  Union,  Manchester,  N.  H. 

Northwest  Horticulturist,  Tacoma,  and  Seattle,  Wash. 

Nut  Grower,  The,  Poulan,  Ga. 

Ohio  Farmer,  Cleveland,  Ohio. 

Oregon  Agriculturist,  Portland,  Oregon. 

Orflf's  Farm  and  Poultry  Review,  St.. Louis,  Mo. 

Pacific  Dairy  Review,  San  Francisco,  Cal. 

Poultry,  Peotone,  111. 

Poultry  Gazette,  Kansas  City,  Kans. 

Poultry  Herald,  St.  Paul,  Minn. 

Poultry  Husbandry,  Waterville,  N.  Y. 

Poultry  Keeper,  Quincy,  Ills. 

Poultry  Standard,  Stamford,  Conn. 

Poultry  Success,  Des  Moines,  Iowa. 

Poultry  Topics,  Lincoln,  Neb. 

Practical  Farmer,  The,  Philadelphia,  Pa. 

Practical  Fruit  Grower,  Springfield,  Mo. 

Prairie  Farmer,  The,  Chicago,  111. 

Publications  of  the  Department  of  Agriculture,  Ontario,  Canada. 

Publications  of  the  Florida  Department  of  Agriculture. 

Publications  of  the  Department  of  Agriculture,  MyTsore  State,  India. 

Publications  of  the  Imperial  Agricultural  Experiment  Station,  Nishi- 

gahara,  Tokyo,  Japan. 
Publications  of  the  Maine  State  Board  of  Agriculture. 
Publications  of  the  Massachusetts  State  Board  of  Agriculture. 
Publications  of  the  Department  of  Agriculture,  New  Zealand. 
Publications  of  the  North  Carolina  State  Board  of  Agriculture. 
Publications  of  the  Ohio  State  Board  of  Agriculture. 
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Publications  of  the  Department  of  Agriculture,  University  College, 

North  Wales. 
Publications  of  the  Pennsylvania  Department  of  Agriculture. 
Publications  of  the  Rhode  Island  State  Board  of  Agriculture. 
Publications  of  the  Department  of  Agriculture,  Victoria. 
Publications  of  the  Virginia  Department  of  Agriculture. 
Publications  of  the  Department  of  Agriculture  of  Western  Australia. 
Queensland  Agricultural  Journal,  Australia. 
Reliable  Poultry  Journal,  Quincy,  111. 
Republic,  The,  St.  Louis,  Mo. 
Rock  Products,  Louisville,  Ky. 
Rural  New-Yorker,  New  York  City. 
Rural  World,  London,  England. 
Skandinavisk  Farmer  Journal,  Minneapolis,  Minn. 
Southern  Fancier,  Atlanta,  Ga. 
Southern  Farm  Magazine,  Baltimore,  Md. 
Southern  Planter,  Richmond,  Va. 
Successful  Farming,  Des  Moines,  Iowa. 
Successful  Poultry  Journal,  Chicago,  111. 
Sugar  Beet,  The,  Philadelphia,  Pa. 

Sec.  da  Agr.  Estado  de  Sao  Paulo,  Boletim  da  Agriculture. 
Texas  Farmer,  Dallas,  Tex. 
Town  and  Country  Journal,  San  Francisco,  Cal. 
Up-to-Date  Farming  and  Gardening,  Indianapolis,  Ind. 
Wallace's  Farmer,  Des  Moines,  Iowa. 
Western  Fruit  Grower,  St.  Joseph,  Mo. 

W.  Weddel  &  Go's.  Colonial  Dairy  Produce  Report,  London,  Eng. 
West  Virginia  Farm  Review,  Charleston,  W.  Va. 
Wilson  Bulletins,  Wilson  Ornithological  Club,  Oberlin,  Ohio. 
Wisconsin  Agriculturist,  Racine,  Wis. 
Year  Book,  and   current  publications  of  the  Deutschen  Landwirt- 

schafts-Gesellschaft. 
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PAGE. 

Adams  act 132 

Agronomy,  Division  of,  outline  of  work  of 150 

Alfalfa  meal,  analysis  of 89 

Alfalfmo  feed,  analyds  of 88 

American  Ag'l  Chemical  Co/s  goods,  analyses  of 4,  5,  48-51 

Analyses,  crops  from  soda-potash  experiment 301-316 

miscellaneous 183-185 

Animal  Husbandry,  Division  of,  outline  of  work  of 151 

meal  and  bone  analyses  of 87 

Armour  Fertilizer  Works*  goods,  analyses  of 4,  5,  10,  50,  51 

Bean,  white  podded  adzuki,  yields  of,  with  phosphates 129 

Beet,  Norbiton  giant,  analyses  of 304 

pulp,  analysis  of «9 

table,  yields  of,  with  phosphates 127 

Berkshire  Fertilizer  CJo.'s  goods,  analyses  of 4,  5,  50,  51 

Note.— For  pp.  1-12  see  Bui.  108:  for  pp.  13-44  see  Bui.  100;  for  pp.  45-60  see  Bui.  110: 
for  pp.  61-74  see  Bui.  Ill;  for  pp.  75-96  see  Bui.  112:  for  pp.  97-114  see  Bui.  113;  for  pp. 
115-137  see  Bui.  114. 
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Bone,  analyses  of .^ 10,  11 

black,  test  of 120-133 

dissolved,  test  of 120-133 

fine  ground,  test  of 120-133 

Bordeaux  mixture  for  late  blight 70-74 

Bowker  Fertilizer  Co.'s  goods,  analyses  of 4,  5,  6,  7,  10,  50-53 

Cabbage,  yield  of,  with  phosphates • 130 

Carrot,  analyses  of 304,  309 

Charlock  in  grain  fields 159 

Chemical  Division,  outline  of  work  of 149 

report  of 181-316 

Chicory,  analyses  of 305,  307,  308 

Clover,  crimson,  yields  of,  with  phosphates 125 

Coe,  E.  Frank,  Co.'s  goods,  analyses  of 6,  7,  52,  53 

Commercial  feeding-stuffs,  anal3n3es  of 77-96 

notes  upon 90-96 

fertilizers,  analyses  of 3-12,  47-60 

Co-operative  work 155 

Com,  continuous  culture 99-114 

meal,  analyses  of 84 

Cottonseed  meal  and  feed,  analyses  of 78 

Creamery  feed,  analyses  of 88 

Cultures  in  wire  pots  compared  with  field  residts 15-44 

Dairy  and  stock  feed,  analyses  of 85,  86 

Director,  report  of 149-156 

Directions  for  binding  bulletins  and  reports 337 

Distillers'  grains,  analjrses  of 80 

Exchanges,  list  of 338 

Fertilizers,  summary  of  complete,  analyzed 60 

Field  results,  compared  with  cultures  in  wire  pots 15-44 

Floats,  test  of 120-133 

Frauley's,  T.  H.,  wood  ashes,  analyses  of 58 

NoTK.— For  pp.  1-12  see  Bui.  108;  for  pp.  13-44  see  BuL  109;  for  pp.  45-60  see  Bui.  110; 
for  pp.  61-74  see  Bui.  Ill;  for  pp.  75-96  see  Bui.  112;  for  pp.  97-114  see  Bui.  113;  for  pp. 
115-137  see  Bui.  114. 
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Gluten  meal  and  feed,  analyses  of , 79,  80 

Grafting  wax,  formulas  for 160-162 

Green  manuring,  influence  of,  shown  by  wire  pot  tests 25-27 

Henry's,  J.,  wood  ashes,  analyses  of 58 

Hominy  meal,  analyses  of 83,  84 

Horse  feed,  analyses  of 85,  .86 

manure,  effect  of  fresh  and  air-dried 37-38 

Horticultural  Division,  report  of 159-175 

outline  of  work  of 150 

Joynt's,  John,  wood  ashes,  analyses  of 58 

al  ration,  analysis  of 89 

n  experiment 162-166 

e  and  organic  substances,  value  of,  in  improving  soil 25-28 

ing,  influence  of,  comparison  of  field  and  pot  results 38-40 

eed  meal,  analyses  of 79 

Malt  sprouts,  analyses  of 80 

Market-garden,  rotation 166-168 

Mason  Manufacturing  CJo.'s  tankage,  analysis  of 10 

Meteorologist,  report  of 317-333 

Millet,  golden,  analyses  of 301 

yields  of,  with  phosphates 128 

Japanese,  yields  of,  with  phosphates 126 

Mitchell  Fertilizer  Co.'s  goods,  analyses  of 6,  7,  52,  53 

Mixed  feed,  analyses  of 301 

National  Fertilizer  Co.'s  goods,  analyses  of 6,  7,  10,  52,  53 

Nitrogen,   influence  of  sodium  salts   upon  soil 188-222 

proteid  and  non-proteid,  influence  of  sodium  and  potassium 

upon 219-222 

Oat  feeds,  analyses  of 88,  89 

yields  of,  with  phosphates 123 

Ohio  Farmers'  Fertilizer  CJo.'s  goods,  analyses  of 54,  55 

KoTE. — For  pp.  1-12  see  Bui.  108;  for  pp.  13-44  see  Bui.  109;  for  pp.  46-60  see  Bui.  110; 
for  pp.  61-74  see  Bui.  Ill;  for  pp.  75-96  see  Bui.  112;  for  pp.  97-114  see  Bui.  113;  for  pp. 

115-137  see  Bui.  114. 
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Pftnneatcr  and  Ptobey  Fertifiaer  Go.'s  goods,  analyses  of 6,  7,  54,  65 

Perns,  yiekb  of,  with  phosphates 122 

Phosphate  rock,  dissolved,  test  of 120-133 

Phosphates,  efficiency  of  certain 28-31 

test  of  nine  different 117-137 

Phosphoric  acid,  eoooomie  utilisation,  influenced  by  sodium  bsMb 253-261 

in  8(m1,  influence  of  sodium  salts  on 188-222 

Pot  experiments 181-182 

Pots,  wire,  cultures  in,  compared  with  field  results 15-44 

Potash,  muriate,  analyses  of 59 

Potassiimi,  economic  utilisation,  influttioed  by  sodium  salts 253-261 

influence  upon  phosphoric  acid  in  soil 261 

sodiiun  and  potassium  oxids  in  dry  matter.  .234-252 

and  sodium  salts,  experiments  with 31-35 

Potatoes,  comparison  of  four  and  five  sprayings  for  blight 70-74 

resistance  of  tubers  to  rot 69 

trial  of  varieties 63-68 

Poultry  feed,  analyses  of 86,  87 
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RadLsh,  white  Strasburg,  analyses  of 301-303,  305,  306,  310-312 

Raspberry  score-card 168 

Redondite,  raw,  test  of 120-133 
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Reynolds,  J.  L.,  Co/s  goods,  analyses  of 10,  54,  55 

Rogers  and  Hubbard  Co/s  goods,  analyses  of 6,  7,  54,  55 
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Shoemaker,  M.  L.,  &  Co/s  goods,  analyses  of 8,  9,  56,  57 

Slag  meal,  basic,  test  of 120-133 

Soda,  nitrate,  analyses  of 59 

potash  experiment,  analyses  of  crops  from 301-316 

Note.— For  pp.  1-12  see  Bui.  108;  for  pp.  13-44  see  Bui.  109;  for  pp.  45-60  see  BoL  110; 
for  pp.  61-74  see  Bui.  Ill;  for  pp.  75-06  see  BuL  112;  for  pp.  97-114  see  BuL  113;  for  pp. 
115-137  see  Bui.  114. 
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influence  upon  conservation  of  water 290 

osmotic  pressure 291 

possible  physiological  functions 291 

presence  in  plants 286-288 

salts,  conceming.the  functions  of 186-316 

influence  upon  utilization  of  other  substances 253 

phosphoric  acid  in  soil 261 

pot  experiments  with 264-284 

Soil,  sterilized,  experiments  with 169-172 

Soy  bean,  yields  of,  with  phosphates 131 

Squash,  Hubbard,  yields  of,  with  phosphates 132 

summer,  yields  of,  with  phosphates 125 

Station,  needs  of 153 

staff 154 

Superphosphate,  double,  test  of 120-133 

Swift's  Lowell  Fertilizer  Co.'s  goods,  analyses  of 8,  9,  56,  57 

Tankage,  anal3n3es  of 10,  11 

Treasurer,  report  of 334-336 

Turnip,  flat,  analyses  of 303,  313-316 

yields  of,  with  phosphates 124 

Vegetables,  tent  covering  for 172-175 

Water-culture  experiments 181-182 

Wheat  bran,  anal3n3es  of 81 

middlings,  analyses  of 81 

Wilcox  Fertilizer  Works'  goods,  analyses  of 8,  9,  11,  56,  57 

Wood  ashes,  analyses  of 58 

Wunsch  Manufacturing  Co.'s  tankage,  analyses  of 11 

NoTB.— For  pp.  1-12  see  Bui.  108;  for  pp.  13-44  see  Bui.  109;  for  pp.  45-60  see  BuL  110; 
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LETTER  OF  TRANSMITTAL. 


To  His  Excellency,  James  H.  Higgins,  Governor,  and  the  Honorable 
the  General  Assembly  of  the  State  of  Rhode  Island,  at  its  January 
Session,  1908. 

Kingston,  R.  I.,  January  1,  1908. 

I  have  the  pleasure  to  present  herewith,  in  compliance  with  the 
statute  of  the  State  and  the  Congressional  acts  of  March  2,  1887,  and 
March  16,  1906,  the  Report  of  the  Director  of  the  Rhode  Island 
Agricultural  Experiment  Station  for  the  year  ended  June  30,  1907. 

Respectfully  submitted. 

For  the  Board  of  Managers, 

CHARLES  DEAN  KIMBALL, 

President, 
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President,  Board  of  Managers. 

Sir: — I  have  the  honor  to  transmit  herewith  the  Twentieth  An- 
nual Report  of  the  Rhode  Island  Agricultural  Experiment  Station 
for  the  year  ending  June  30,  1907. 

Respectfully  yours, 

HOWARD  EDWARDS, 

President. 
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REPORT  OF  THE  DIRECTOR. 


H.   J.   WHEELER. 


To  Howard  Edioards,  President. 

Sir: — It  gives  me  pleasure  to  render  a  report  on  the  work  of  the 
Experiment  Station  for  the  past  year.  In  doing  so  the  material  is 
presented  topically  with  the  hope  that  it  may  thus  be  made  more 
accessible  to  the  average  reader. 

Division  of  Horticulture. 

The  work  of  the  Division  of  Horticulture  has  been  practically  a 
continuation  of  that  outlined  in  previous  reports.  Its  main  features 
have  been: 

(1)  Trials  of  grasses  and  of  various  combinations  of  manures  to 
ascertain  their  adaptability  to  the  production  and  maintenance  of 
turf  adapted  to  polo  groimds;  golf  links,  and  lawns;  (2)  Rotation  of 
garden  crops  to  test  the  relative  cost  and  eflSciency  of  stable  manure 
as  compared  with  chemical  manures  and  catch  crops;  (3)  Clover 
selection  and  breeding  in  the  attempt  to  secure  an  improved  strain 
of  common  red  clover;  (4)  Interpollination  experiments  with  black- 
berries to  ascertain  if  it  is  better  to  plant  two  kinds  together  than 
each  separately;  (6)  Strawberry  breeding  in  order  to  secure,  if  pos- 
sible, extra  late  varieties;  (6)  Selection  and  breeding  of  raspberries 
in  the  attempt  to  se^cure  an  extra  early  berry  of  good  marketable 
quality;  (7)  Selection  of  sweet  com  to  improve  the  bearing  quality 
and  number  of  ears  per  stalk. 
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A  detailed  discussion  of  such  part  of  the  work  of  this  division  as  is 
suflSciently  advanced  for  publication  at  this  time  may  be  found  in 
the  later  pages  of  this  report  in  the  "Report  of  the  Division  of 
Horticulture/' 

Owing  to  the  resignation  of  Professor  Card,  which  went  into  effect 
on  June  30,  1907,  arrangements  have  been  perfected  with  J^rofessor 
G.  £.  Adams,  formerly  assistant  in  horticultiu*e  and  later  associate 
in  agronomy  in  the  Station,  to  assume  charge  of  the  work  of  the 
division  for  the  coming  year. 

Division  of  Chebostry. 

Owing  to  the  many  other  duties  of  the  Director,  the  detailed 
supervision  of  the  work  of  this  division  has  been  delegated  to  my 
associate,  Doctor  Hartwell.  The  work  has  covered  the  chemical 
analysis  involved  in  the  general  lines  of  investigation  carried  on  by 
the  Station,  also  that  connected  with  the  inspection  of  commercial 
feeding-stuflfs  and  of  commercial  fertilizers. 

The  division  has  been  continuing  the  investigations  for  the  pur- 
pose of  studying  the  function  of  sodium  salts  in  connection  with 
plant  growth,  by  means  of  the  growth  of  plants  in  solutions. 

Experiments  have  been  in  progress  to  ascertain  the  merits  of  the 
paraffined  wire  basket  and  of  the  Wagner  pot  in  ascertaining  the 
deficiencies  and  faults  of  soils,  and  one  bulletin  on  this  subject  has 
been  published  during  the  year.  In  addition  there  have  been  pub- 
lished two  bulletins  on  commercial  fertilizers  and  one  on  commercial 
feeding-stuffs. 

A  new  study  has  been  made  of  the  cause  of  the  efficiency  of  lime  as 
exhibited  in  connection  with  certain  of  the  field  experiments. 

In  order  to  throw  light  upon  the  probable  efficiency  of  powdered 
feldspar  as  a  source  of  potash  for  agricultural  plants,  this  material 
has  been  tested,  during  the  winter  and  spring,  by  way  of  pot  culture 
in  ordinary  soil.  The  results  thus  far  secured  do  not,  however, 
warrant  the  belief  that  this  material,  without  further  treatment,  can 
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economically  replace  the  commercial  potash  salts  for  general  agri- 
cultural purposes. 

The  miscellaneous  analyses  of  the  year,  and  other  matter  relating 
to  the  work  of  this  division,  may  be  found  embodied  in  this  report 
under  "Report  of  the  Chemical  Division." 

Division  of  Animal  Breeding  and  Pathology. 

Early  in  the  year  Doctor  Curtice,  who  has  been  at  the  head  of  the 
Division  of  Animal  Husbandry,  received  an  offer  of  a  temporary 
position  with  the  Bureau  of  Animal  Industry  of  the  U.  S.  Depart- 
ment of  Agriculture,  and,  in  order  to  accept,  asked  for  a  temporary 
leave  of  absence,  which  was  granted.  He  also  tendered  his  resigna- 
tion, to  take  eflfect  on  June  30, 1907,  but  later  the  date  was  changed, 
at  his  request,  to  April  1.  Doctor  Curtice  left  in  August  to  fill  this 
temporary  appointment,  and  returned  on  December  1  to  prepare  for 
publication  a  report  on  his  previous  work.  He  was  thus  engaged, 
in  addition  to  certain  duties  in  the  College,  until  April  1,  1907. 

On  September  1,  1906,  Dr.  Leon  J.  Cole  was  appointed  to  fill  the 
position  of  Chief  of  the  Division  of  Animal  Breeding  and  Pathology, 
which  had  been  created  in  the  meantime.  In  addition  to  possessing 
a  practical  knowledge  of  agricultural  matters,  he  was  for  two  years 
A  student  at  the  Michigan  Agricultural  College,  also  for  four  years  at 
the  University  of  Michigan,  and  for  a  like  period  at  Harvard  Uni- 
versity. He  has  taken  hold  of  the  work  in  a  determined  and  sys- 
tematic manner,  and  will  make  a  study  of  certain  problems  connected 
with  animal  breeding  and  with  the  diseases  of  fowl,  with  special 
reference  to  the  so-called  "blackhead''  disease  of  turkeys.  This 
latter  line  of  work,  as  well  as  that  of  breeding  turkeys,  was  begun  by 
Doctor  Curtice. 

It  is  but  fair  to  the  public  to  say  that  this  is  a  most  difficult  and 
complex  field  of  labor,  and  it  must  not  be  expected  that  great  and 
far-reaching  results  will  be  secured  immediately,  for  it  may  take 
many  years  to  fully  solve  any  one  of  the  problems  under  consid- 
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eratioH;  yet  it  is  hoped  that  much  of  practical  value  will  be  ascer- 
tained at  an  early  date.  The  very  fact  of  the  diflScult  nature  of  the 
work  furnishes  the  strongest  argument  why  it  should  be  taken  up 
at  once  and  prosecuted  vigorously. 

It  is  hoped  that  the  public  will  be  suflSciently  patient  to  allow 
this  investigation  to  go  on  for  a  number  of  years,  if  necessary.  In 
this  connection  one  should  bear  in  mind  that  the  long-continued 
study  of  Texas  fever  in  cattle  and  of  malaria  and  yellow  fever  in  the 
human  family  has  finally  shown  that  the  tick  and  mosquito  convey 
the  diseases,  and  that  in  consequence  of  this  discovery  the  practical 
elimination  of  these  scourges  has  been  made  possible. 

A  general  statement  concerning  the  work  of  the  year  may  be  found 
in  the  "  Report  of  the  Division  of  Animal  Breeding  and  Pathology." 

Division  of  Animal  Feeding. 

At  the  beginning  of  the  year  arrangements  were  made  for  under- 
taking experimental  work  in  poultry  feeding.  This  work  was  placed 
temporarily  in  charge  of  Mr.  J.  W.  Bolt^,  a  graduate  of  the  Michigan 
Agricultural  College,  who  had  been  connected  for  one  year  with  the 
Agricultural  Experiment  Station  of  the  Utah  Agricultural  College. 
Mr.  Bolt^  also  acted  as  instructor  in  animal  husbandry  in  the 
College.    The  work  undertaken  has  been  as  follows: 

(1)  The  feeding  of  young  chicks  to  study  the  influence  of  different 
nitrogenous  feedingnstuffs. 

(2)  A  feeding  and  fattening  experiment  with  cockerels. 

(3)  A  feeding  experiment  with  capons. 

(4)  A  fattening  experiment  with  turkeys. 

(5)  A  feeding  experiment  with  hens  to  study  the  influence  of 
feed  and  methods  of  feeding  upon  egg  production. 

It  was  hoped  that  a  report  of  all  of  the  experiments  excepting  the 
first  and  last  could  be  embodied  in  this  report,  but  owing  to  delay 
in  their  preparation  for  publication  the  results  will  have  to  be  issued 
in  a  later  publication. 
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Publications. 

The  following  is  a  list  of  the  bulletins  which  have  been  published 
during  the  fiscal  year: 

No.  116,  Commercial  Fertilizers,  July  1906,  pp.  1-16. 

No.  116,  Com  Selection,  October,  1906,  pp.  16-36. 

No.  117,  AnaljTses  of  Commercial  Fertilizers,  November,  1906,  pp.  37-52. 

No.  118,  Continued  Test  of  Nine  Different  Phosphates  with  Different  Plants, 
March,  1907,  pp.  53-86. 

No.  119,  Commercial  Feeding-Stuffs,  April,  1907,  pp.  87-108. 

No.  120,  Soil  Tests  in  Paraffined  Wire  Baskets  Compared  with  Tests  on  Farms, 
May,  1907,  pp.  109-138. 

No.  121,  A  Study  of  Rhode  Island  Soil  Requirements  by  Means  of  Field  Tests, 
June,  1907,  pp.  139-176. 

No.  122,  Analyses  of  Commercial  Fertilizers,  June,  1907,  pp.  177-188. 

Improvements. 

During  the  year  additional  turkey  yards  have  been  covered  with 
netting  so  as  to  make  it  possible  to  conduct  breeding  work  with  wild 
turkeys.  Many  of  the  turkey  pens  have  also  been  subdivided  so  as 
to  facilitate  the  keeping  of  the  pedigree  records  of  all  of  the  birds 
reared. 

A  rat-proof  seed  room  has  also  been  provided  in  the  barn  on  the 
plain.  Two  additional  buildings  for  the  poultry  plant  have  been 
provided  by  moving  to  the  poultry  grounds  the  old  apiary  house 
and  an  old  house  which  had  been  left  behind  on  the  plain  when  the 
poultry  plant  was  moved  to  its  present  location  in  1901. 

The  telephone  system  became  so  poor  early  in  the  year  that  it 
was  practically  useless,  and  a  new  one  was  installed  which  has  thus 
far  given  practically  perfect  satisfaction.  In  addition  an  inter- 
communicating telephone  system  was  installed  in  the  Station  build- 
ing, by  which  persons  in  any  room  can  communicate  with  those  in 
any  other  without  calling  the-  central  office.  This  system  has  thus 
far  worked  most  satisfactorily,  and  has  not  only  proved  to  be  a  great 
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convenience  to  everyone  in  the  building  but  also  a  great  economizer 
of  time,  especially  for  the  Director.  This  is  particularly  the  case 
on  accoimt  of  the  fact  that  the  Director  has  no  private  office  and  is 
subject  to  the  disturbance  incident  to  every  item  of  business  trans- 
acted in  the  public  office. 

During  the  year  a  calculating  machine  has  been  added  to  the 
Station  equipment.  This  machine  facilitates  especially  multiplica^ 
tion  and  division.  This  can  be  best  realized  when  it  is  stated  that 
in  division  a  turn  of  the  crank  accomplishes  a  multiplication  and 
subtraction;  hence  four  figures  in  the  quotient  are  obtained  by  four 
revolutions.  The  occurrence  of  an  error  in  the  work  is  announced 
by  the  ringing  of  a  bell. 

A  water  pipe  has  been  laid  from  the  College  pumping  station  to 
the  barn  on  the  plain.  A  hydrant  has  also  been  provided  near  the 
barn,  in  order  to  furnish  fire  protection  as  well  as  water  for  various 
purposes. 

In  consequence  of  the  completion  of  the  greenhouse,  facilities  are 
now  afforded  for  conducting  experiments  in  floriculture  and  in 
vegetable  gardening  under  glass,  also  for  winter  work  in  water  culture 
in  connection  with  the  study  of  the  functions  and  relations  of  the 
various  elements  connected  with  plant  growth. 

Needs. 

The  old  glass  pot-culture  house  is  in  bad  condition,  and  it  should 
now  be  repaired  or  moved  to  a  location  near  the  new  greenhouse  so 
that  it  can  be  heated  and  may  thus  be  utilized  both  in  summer  and 
winter  for  pot  vegetation  experiments  as  well  as  for  work  in  water 
culture.  If  this  new  provision  were  made,  space  would  be  relieved 
in  the  new  greenhouse  which  would  be  available  for  more  extended 
experiments  with  vegetables  and  flowering  plants. 

Attention  has  been  called  previously  to  the  fact  that  a  private 
office  should  be  provided  for  the  Director,  where,  in  the  preparation 
of  manuscript  and  in  attention  to  other  official  duties,  there  will  be 
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reasonable  freedom  from  unnecessary  interruption  incident  to  being 
obliged  to  work  in  the  general  office  where  all  of  the  business  of 
the  Station  is  transacted. 

Attention  has  already  been  called,  in  a  previous  report,  to  the  need 
of  a  dry,  fire-proof,  and  commodious  vault  for  the  storage  of  the 
records  of  experiments,  provision  for  which  should  be  made  in  the 
very  near  future. 

It  is  important  that  the  Station  should  also  have  a  dry,  fire-proof, 
and  suitable  storage  room  for  samples  of  crops  and  of  other  materials 
which  are  now  kept  in  the  attic,  subject  to  danger  from  fire. 

The  interior  of  the  Station  building  is  also  in  need  of  general 
repairs. 

Attention  should  be  called  to  the  fact  that  it  will  be  out  of  the 
question  to  take  up  a  study  of  the  manurial  treatment  of  orchards, 
and  that  extended  efforts  to  produce  a  hardy  peach  will  also  be 
impossible,  unless  more  land  is  provided  for  the  permanent  use  of 
the  Station. 

Changes  in  the  Station  Staff. 

On  July  1,  J.  W.  Bolt6,  B.  Sc,  a  graduate  of  the  Michigan  Agri- 
cultural CJollege,  who  had  been  for  one  year  employed  at  the  Agri- 
cultural Experiment  Station  of  the  Utah  Agricultural  College,  took 
up  his  duties  as  assistant  in  the  Division  of  Animal  Feeding. 

Doctor  Cooper  Curtice  was  granted  a  leave  of  absence  from  August 
to  December,  1906,  for  the  purpose  of  accepting  a  position  with  the 
Bureau  of  Animal  Indittltry,  U.  S.  Department  of  Agriculture.  He 
also  tendered  his  resignation,  to  go  into  effect  on  June  30, 1907,  but 
this  date  was  changed  later,  at  his  request,  to  March  31, 1907.  Dur- 
ing the  years  that  Doctor  Curtice  has  been  connected  with  the  Station 
he  has  devoted  himself  most  assiduously  to  the  details  of  the  develop- 
ment of  the  experimental  poultry  plant.  In  addition  he  has  ac- 
complished much  in  the  study  of  the  so-called  ''blackhead'^  disease 
of  turkeys,  an  account  of  which  will  be  given  in  subsequent  publica- 
tions of  the  Station.     He  has  continued  his  earlier  work  on  incuba- 
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tion  and  brooding,  and  it  is  hoped  to  be  able  to  present  this  material 
to  the  public  at  some  time  in  the  future. 

Owing  to  resignation  to  accept  a  position  in  California,  F.  L.  Yeaw 
terminated  his  detail  at  this  Station  on  August  1, 1906. 

On  September  1,  L.  J.  Cole,  Ph.  D.,  of  Harvard  University,  was 
appointed  chief  of  the  new  Division  of  Animal  Breeding  and  Patho- 
logy. He  appears  to  be  especially  adapted  to  the  work  in  hand,  as 
shown  by  the  elaboration  of  a  most  systematic  scheme  for  records, 
and  by  systematizing  generally  the  experimental  work. 

On  January  31,  H.  L.  Barnes,  assistant  horticulturist,  tendered 
his  resignation;  and  on  March  15,  £.  A.  Malette,  of  the  Mt.  Hermon 
School,  was  appointed  assistant  in  floriculture. 

One  of  the  vacancies  in  the  Chemical  Division  was  filled,  on  August 
20,  by  the  appointment  of  H.  S.  Hammond,  B.  S.  A.,  a  graduate  of 
the  Wye  Agricultural  School,  England,  and  of  the  Ontario  Agri- 
cultiu*al  College,  Canada.  In  addition  to  his  other  experience  Mr. 
Hammond  had  been  employed  for  some  time  in  the  government 
laboratory  at  Jamaica. 

On  December  1,  F.  R.  Pember,  B.  Sc,  a  graduate  of  the  University 
of  Vermont,  who  was  in  the  employ  of  the  Bureau  of  Soils,  and  had 
been  detailed  to  the  Station  to  assist  in  co5perative  pot  and  water- 
cultiu«  work,  accepted  a  position  at  this  Station  as  assistant  to 
Doctor  Hartwell,  in  his  work  in  plant  physiology. 

A  second  vacancy  in  the  Chemical  Division  was  filled,  on  March 
16,  by  the  appointment  of  L.  F.  Whipple,  who  had  been  a  special 
student  in  chemistry  at  Brown  University  and  at  the  University  of 
Maine. 

In  anticipation  of  the  promotion  of  G.  E.  Adams  to  the  position  of 
Professor  in  the  College  and  as  temporary  horticulturist  to  the 
Station,  S.  C.  Damon,  B.  Sc,  a  graduate  of  the  Massachusetts  Agri- 
cultural College,  was  appointed  assistant  in  agronomy  in  order  to 
relieve  Mr.  Adams  of  certain  of  the  details  of  the  work  in  agronomy. 

Professor  F.  W.  Card,  who  has  been  connected  with  the  College 
and  Station  for  many  years,  and  who  has  had  charge  of  the  Division 
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of  Horticulture,  tendered  his  resignation,  to  take  effect  on  June  30, 
1907. 

Cooperative  Work. 

The  cooperative  work  between  the  Bureau  of  Animal  Industry, 
U.  S.  Department  of  Agriculture,  and  this  Station  was  transferred, 
in  the  spring  of  1907,  from  the  Division  of  Animal  Husbandry  of  the 
Bureau  to  the  Division  of  Pathology. 

The  co5peration  between  the  Bureau  of  Soils  and  the  Station  was 
discontinued  during  the  year,  though  the  Bureau  is  kindly  loaning 
the  Station  the  outfit  for  work  with  paraffined  wire  baskets,  in  order 
that  further  trials  of  them  may  be  made  the  present  season. 

The  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture, 
is  supplying  the  Station  with  seed  of  early  varieties  of  Indian  corn 
and  of  perennial  clover,  for  trial  at  Kingston. 

Acknowledgments. 

It  is  a  source  of  much  regret  to  lose  the  services  of  Professors  Card 
and  Curtice,  both  of  whom  have  been  most  agreeable  and  honorable 
in  all  of  their  personal  and  official  relation. 

Professor  Curtice  has  been  tireless  in  his  devotion  to  the  details 
involved  in  developing  the  present  Station  poultry  plant,  which  is  a 
monument  to  his  industry  and  perseverance. 

Professor  Card  also  leaves  a  monument  in  the  shape  of  the  new 
greenhouse,  and  has  always  been  especially  pimctual  in  the  presenta- 
tion of  matter  for  publication,  ajid  with  Professor  Curtice  has  always 
given  the  Director  loyal  support  in  everything  which  was  for  the 
best  interest  of  the  Station.  Both  of  these  gentlemen  leave  with  the 
utmost  respect  and  esteem  of  the  entire  Station  staff,  and  with  my 
personal  gratitude  and  best  wishes. 

The  Station  has  been  especially  fortunate  in  retaining  the  services 
of  Doctor  Hartwell  and   Professor  Adams,  both  of  whom  have 
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attended  to  their  varied  and  increasing  duties  in  a  most  satisfactory 
way. 

It  is  a  particular  pleasure  to  speak  of  the  satisfactory  mann^  in 
which  Doctor  Cole  has  taken  hold  of  the  work  in  his  division. 

My  thanks  are  especially  due  Doctor  Hartwell  for  assistance  in 
connection  with  the  reading  of  proofnsheets,  and  to  Miss  Hoitt  for 
her  most  efficient  service  as  stenographer  and  accoimtant  in  con- 
nection with  the  administrative  work  of  the  Station. 

My  thanks  are  due  to  the  other  employees  of  the  Station,  who, 
without  exception,  have  been  most  faithful  and  attentive  to  their 
several  duties.  In  fact,  the  Station  is  especially  fortimate  at  this 
time  in  its  personnel  of  assistants  in  the  several  divisions. 

Respectfully  submitted, 

H.  J.  WHEELER, 

Dixedar, 
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A  report  of  the  regular  work  of  the  Horticultural  Division  during 
the  year  1906-7  appears  in  the  succeeding  pages,  followed  by  an 
account  of  some  minor  and  long-time  experiments  which  have  been 
under  way  during  the  connection  of  the  writer  with  the  Station. 

Apple-Maggot, — In  the  season  of  1905  no  pup®  were  obtained 
for  experimental  work  with  the  apple-maggot. 

Early  Harvest  apples  in  the  old  orchard  were  riddled  with  mag- 
gots, notwithstanding  the  fact  that  hogs  had  the  run  of  the  orchard 
the  previous  year  and  were  there  again  in  1906.  Maggots  were  also 
quite  numerous  in  the  early  apples  in  the  variety  orchard. 

In  October  three  frames  each  3x4  feet  in  size,  covered  by  a  wire 
screen,  were  placed  in  the  garden.  One  hundred  fifteen  apples  were 
placed  in  each  frame;  these  were  a  rather  small,  sweet  variety  from 
a  wild  tree  growing  on  the  College  farm.  They  were  taken  from  the 
ground  and  distributed  as  evenly  as  possible  in  these  frames.  In 
frames  Nos.  1  and  2  the  apples  were  left  upon  the  surface.  In  frame 
No.  3  the  soil  was  removed  to  a  depth  of  six  inches,  the  apples  were 
then  spread  in  the  bottom  and  the  soil  replaced  over  them. 

In  1906  the  soil  in  frames  Nos.  1  and  3  was  left  undisturbed.  In 
frame  No.  2  the  soil  was  frequently  hoed  over  during  the  season,  the 
object  being  to  determine,  if  possible,  whether  disturbing  the  ground, 
as  done  in  a  well-tilled  orchard,  has  any  influence  upon  the  number 
of  flies  which  emerge.  Rather  strangely  and  unfortunately,  though 
m  line  with  the  experience  of  1904,  only  one  fly  was  observed  during 
the  entire  season,  and  this  was  in  the  frame  in  which  the  soil  had 
been  kept  tilled.    We  are  at  a  loss  to  account  for  this  failure  to  ob- 
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serve  the  emergence  of  flies  in  1904  and  1906,  as  in  previous  experi- 
ments, which  are  recorded  in  the  annual  report  for  1904,  no  diflB- 
culty  was  experienced  in  obtaining  flies  from  buried  pupsB  or  from 
frames  underneath  Irees  in  the  orchard.  Whether  some  parasitic 
enemy  was  at  work,  or  whether  the  full  exposure  to  sunlight  which 
these  frames  had  in  the  open  garden  had  some  influence,  or  whether 
there  was  some  other  reason,  it  is  impossible  to  say. 

Bush-fruits, — A  large  number  of  crosses  between  different  varieties 
of  raspberries  and  blackberries  have  been  made  during  the  past 
years.  Some  six  hundred  plants  have  been  given  places  in  the  field, 
where  they  have  been  under  observation  for  their  individual  quali- 
ties. Very  few  of  these  have  shown  any  real  promise.  The  following 
general  notes  may  be  of  interest  as  showing  something  of  the  ten- 
dencies resulting  from  some  of  the  variety  crosses: 

Loudon  X  Cuihbert. — Color  good,  but  fruit  small. 

Early  King  X  Cuthbert. — A  promising  cross;  not  many  plants  of 
this  were  obtained,  but  the  fruit  seemed  much  like  Cuthbert  in  size 
and  shape,  and  brighter  in  color.  Two  plants  of  this  parentage  have 
been  chosen  for  propagation;  one  in  particular  appears  to  be  a  great 
improvement  on  the  Cuthbert  in  color  (Fig.  1). 

Miller  X  Cuthbert, — Productive,  fruit  of  small  to  medium  size, 
dark,  and  unattractive  in  color  as  a  rule,  much  of  it  crumbly. 

Cuthbert  X  Coutant, — Fruit  nearly  all  bright  colored  (very  much 
better  than  that  of  the  Cuthbert  in  this  respect),  variable  in  size, 
some  fairly  good. 

Cuthbert  X  Shaffer, — Plants  apparently  all  propagating  naturally 
by  suckers,  but  show  strong  upright  growth  characteristic  of  the 
Shaffer.  The  spines  appear  stronger  than  in  most  red  varieties. 
Anthracnose  has  been  noticeable  on  some  of  the  canes.  The  fruit 
has  appeared  to  be  but  little  darker  than  Cuthbert,  with  drupelets 
larger  in  some  cases. 

Coutant  X  Cuthbert, — Fruit  apparently  of  bright  color,  mostly 
round  but  not  large. 

Miller  X  Shaffer, — Hardier  than  most  of  the  seedlings  obtained. 
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Fruit  all  dark  and  round  with  large  drupelets,  size  fairly  good  in  some 
cases. 

Shaffer  X  Miller, — Hardy  and  productive  as  a  rule.  A  number  of 
these  plants  have  shown  a  pronoimced  black-cap  habit  and  appeared 
as  though  they  would  propagate  from  tips.  Some  of  the  fruit  has 
shown  marked  black-cap  flavor.  Other,  plants  show  more  of  the 
characteristics  of  red  varieties,  both  in  fruit  and  plant.  On  a  few 
of  these  latter  the  fruit  is  rather  lighter  than  that  of  the  Shaflfer 
and  of  good  size,  but  in  general  the  fruit  is  small  to  medium,  dark, 
round,  and  of  good  flavor.  One  promising  plant,  with  fruit  appar- 
ently much  lighter  in  color  than  the  Shaffer,  has  been  chosen  for 
propagation. 

Worthy  X  Cuihbert, — Growth  vigorous.  Fruit  mostly  rather  small 
and  dark. 

Shaffer  X  Oolden  Qvsen. — Only  three  plants  of  this  cross  have  been 
grown.  One  showed  Shaffer  fruit  with  Golden  Queen  plant  and 
yellowish  foliage,  one  showed  Shaffer  or  black-cap  habit,  the  other 
Cuthbert  habit.  Records  of  the  fruit  of  only  one  have  been  made. 
The  fruit  in  this  case  was  small  and  dark,  but  not  so  dull  as  that  of 
the  Shaffer,  having  something  of  a  wine  color,  with  large  drupelets, 
and  resembling  a  black-cap  more  than  the  Shaffer  does. 

Columbian  X  Miller. — Plants  hardy  and  productive.  Fruit  of 
fair  size,  rich,  and  possessing  much  of  the  black-cap  flavor.  Plants 
apparently  healthier  than  those  of  Shaffer  parentage.  Fruit  of  good 
size  for  a  black-cap,  but  small  for  a  red.  One  plant  of  this  cross  is 
really  promising.  Its  fruit  is  of  unusually  good  quality,  very  rich 
and  pleasant,  combining  much  of  the  flavor  of  the  black-cap  with 
that  of  the  red  varieties,  and  averaging  larger  in  size  than  black-caps. 

CtUhbert  X  Miller. — Over  two  hundred  plants  of  this  cross  have 
been  in  fruit;  they  are  fairly  hardy,  but  it  is  not  the  right  cross  to 
improve  the  color  and  quality  of  Cuthbert.  The  fruit  in  nearly  all 
cases  is  small  and  dark,  though  on  an  occasional  plant  it  resembles 
that  of  the  Cuthbert.  A  single  plant  of  this,  which  appears  to  bear 
brighter  fruit  than  the  Cuthbert,  has  been  chosen  for  propagation. 


Digitized  by  VjOOQIC 


214  R.  I.  Agl.  Expt.  Sta.  Rept.,  1907. 

Many  of  the  plants  obtained  from  the  blackberry  crosses  have  died, 
and  none  has  shown  any  real  value. 

Clover  Selection. — Additional  sowings  of  Medium  and  Mammoth 
clover  from  the  seed  used  in  the  experiment  begim  in  1903"*"  were  made 
in  the  spring  of  1904.  This  seed  was  obtained  from  eight  different 
seedsmen,  one  lot  from  each  being  purchased  as  Medium  and  one  as 
Mammoth  clover.  In  several  cases  that  labelled  Manmioth  proved 
to  be  Medium  or  badly  mixed. 

In  1905  over  thirty  plants  were  described  in  detail,  and  seed  was 
saved  from  them  for  planting.  Detailed  descriptions  of  these  plants 
are  uncalled  for,  but  it  may  be  said  that  they  varied  in  many  ways, 
among  which  were  the  following: 

1.  Height  of  plant,  which  ranged  from  two  to  nearly  four  feet. 

2.  Number  and  proportionate  weight  of  stems. 

3.  Size  and  color  of  stems. 

4.  Season  of  bloom. 
6.     Size  of  bloom. 

6.  Number,  color,  size,  and  shape  of  leaves. 

7.  Character  of  leaf  markings. 

The  seed  saved  from  these  plants  was  sown  in  the  chaff,  June  26, 
1906,  ten  hills  of  each  number  being  planted.  After  the  plants 
were  established,  they  were  thinned  to  a  single  one  in  each  hill. 
Brief  notes  have  been  made  upon  the  character  of  these  different  lots, 
but  careful  observations  with  a  view  to  future  selection  must  await 
the  blooming  period  in  1907.  Some  of  them  promise  to  afford  very 
desirable  types.  Unfortunately,  the  greater  number  of  these  plants 
did  not  survive  the  winter.  In  many  cases  every  plant  of  the  ten' 
saved  from  a  given  parentage  died.  In  only  one  case  did  as  many 
as  nine  live.  In  order  to  bring  them  together  and  utilize  space  to 
better  advantage,  those  which  lived  were  moved  in  the  spring  of 
1907. 

Part  of  the  loss  was  due  to  a  depression  in  the  ground  through 
which  these  rows  ran,  where  water  evidently  stood  for  a  time  during 

*  See  annual  report  for  1904,  p.  202. 
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the  winter.     On  ground  not  subject  to  this  influence  the  plants 
seemed  to  vary  greatly  in  hardiness. 

As  a  problem  for  student  investigation,  Mr.  A.  E.  Wilkinson,  a 
senior  in  the  College,  was  given  a  lot  of  Medium  red  clover  seed  from 
which  to  separate  purple  and  yellow  seeds  for  comparison.  One 
hundred  hills  were  planted  with  seeds  of  each  type,  these  being 
thinned  to  one  plant  in  a  hill  after  they  were  well  established.  His 
notes  show  that  the  purple  seeds  germinated  a  trifle  better  than  the 
yellow  seeds.  Detailed  notes  regarding  the  appearance  of  the  in- 
dividual plants  in  the  different  lots  are  not  available,  but  twelve 
plants  from  each  lot  were  selected  for  analysis  October  12,  1905. 
These  were  cut  just  above  the  ground,  the  roots  not  being  included 
in  the  analyses.  The  percentages  of  nitrogen  found  in  these  plants 
were  as  follows: 

Nitrogen  in  Dry  Matter. 

Qrown  from  Purple  Seeds.  Grown  from  Tellow  Seeds. 

Plant  No.  Percentage  of  Nitrogen.     Plant  No.  Percentage  of  Nitrogen. 

1 3.76         .  13 3.29 

2 2.86  14 3.29 

3 4.04  15 3.39 

4 3.59  16 3.34 

5 3.56  17 4.62 

6 3.42  18 3.59 

7 3.68  19 3.79 

8 3.55  20 2.95 

9 3.41  21 3.39 

10 3.41  22 4.06 

11 3.30  23 3.66 

12 3.27  24 3.56 

Average .3.48  Average 3.58 

These  figures  show  no  material  difference  in  average  nitrogen 
content  between  the  plants  grown  from  purple  seeds  and  those  grown 
from  yellow  seeds.  It  will  be  seen,  however,  that  there  are  striking 
differences  in  the  nitrogen  content  of  different  individual  plants, 
varying  from  2.86  in  the  lowest  to  4.62  in  the  highest,  an  increase  of 
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over  60  per  cent.  Whether  this  difiference  would  be  perpetuated  in 
the  offspring  of  these  different  plants  can  only  be  conjectured,  but  it 
indicates  that  there  may  be  a  possibility  of  materially  influencing  the 
protein  content  of  clover  hay  through  the  line  of  seed  selection.  Re- 
peated analyses  in  conjunction  with  careful  records  concerning  the 
characteristics  of  individual  plants  and  their  offspring  are  needed. 

Com  Selection. — In  1906  the  "selection"  corn  was  planted  on  land 
which  was  in  strawberries  in  1905.  After  fruiting,  the  strawberries 
were  turned  under  and  a  cover  crop  of  Manmioth  clover  sown.  This 
had  grown  so  high  that  it  was  mown  and  spread  before  plowing  the 
ground  for  corn  in  1906,  which  was  done  May  24,  the  com  bemg 
planted  the  following  day. 

The  fertilizer  used  was  as  follows: 

Rate  per  aen. 

Nitrate  of  soda 100  Ibe. 

Dried  blood 200  " 

Acid  phosphate 500  " 

Muriate  of  potash 200  " 

Six  rows  from  seed  produced  by  plants  bearing  thirteen  ears  in 
1905,  and  thirteen  rows  from  plants  bearing  eleven  ears  in  1905, 
were  planted.  The  rows  were  three  feet  apart,  with  hills  two  feet 
apart  in  the  row.  Two  kernels  were  placed  in  each  hill,  the  plants 
being  thinned  to  one  in  each  hill  after  being  established.  In  bar- 
vesting,  the  six  rows  grown  from  thirteen-ear  seed  and  four  of  the 
rows  grown  from  eleven-ear  seed  were  carefully  cut  and  shocked  for 
husking,  each  plant  being  tied  together  with  strong  cord  before  being 
cut.  The  remaining  nine  rows  were  nearer  to  plots  containing 
variety  tests  with  field  com,  and  were  not  so  carefully  handled,  but 
a  count  showing  the  number  of  ears  per  plant  was  made  as  the  plants 
were  growing  in  the  field.  The  following  table  shows  the  result  of 
this  count: 
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Nine  Rows  from  Eleven-Ear  Seed, 

Percent. 

Plants  with  one  ear 7  .9 

Plants  with  two  ears 51  6.8 

Plants  with  three  ears 106  14.2 

Plants  with  four  ears 215  28.9 

Plants  with  five  ears 209  28. 1 

Plants  with  six  ears 112  15. 0 

Plants  with  seven  ears 34  4.6 

Plants  with  eight  ears 9  1.2 

Plants  with  nine  ears 2  .3 

745  100.0 

Records  of  the  product  from  the  following  rows  were  made  at 
husking  time;  and  are  presented  below: 


Six  Rows  from  Thirteen-Ear  Seed. 


No.  of 
ears 
per 

plant. 

No.  of  Percentage 
plants,    relation. 

No.  of 
good 
eaie. 

No.  of 

poor 

ears. 

Average          Total 
number  of        weight 
good  ears       of  ears, 
per  plant.        (lbs.) 

Average 
weight  per 
ear.  (os.) 

Average 

weight 

per  plant. 

(OS.) 

1..  .. 

.      11 

2.0 

10 

1 

1.0^ 

2.   .  . 

.      18 

3.4 

27 

9 

1.5 

3.   .  . 

.     65 

12.1 

148 

47 

2.3 

^        504.0 

4.9 

20.0 

4.... 

.    156 

29.0 

460 

164 

2.9 

5... 

.   154 

28.6 

519 

251 

3.4J 

6... 

.     77 

14.3 

302 

160 

3.9 

123.8 

4.3 

25.7 

7.... 

.     39 

7.3 

152 

121 

3.9 

63.5 

3.7 

26.1 

8.... 

.     12 

2.2 

49 

47 

4.1 

29.8 

5.0 

39.7 

9.... 

4 

.7 

16 

20 

4.0 

5.5 

2.4 

22.0 

10.. . . 

2 

.4 

10 

10 

5.0 

3.0 

2.4 

24.0 

Total..  538      100.0       1.693        830 


729.6        Av.  4.6 


21.3 
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Four  Rows  of  Eleven-Ear  Seed. 


No.  of 

ears 

per 

plant. 

No.  of 
plants. 

Peroentace 
relation. 

No.  of 
good 
ears. 

No.  of 

poor 

ears. 

Average          Total 
number  of        weight 
good  ears       of  ears, 
per  plant.        (lbs.) 

Average 
weight  per 
ear,  (oi.) 

Avenge 

weight 
per  plant. 

(OS.) 

1..  .. 

.     17 

4.8 

14 

3 

.8^ 

2.... 

.  100 

28.5 

148 

52 

1.5 

3... 

.     76 

21.7 

144 

84 

1.9 

I        276.3 

4.6 

14.2 

4.... 

.     68 

19.4 

187 

85 

2.8 

5.... 

.     60 

14.2 

157 

93 

3.lJ 

6.... 

.     27 

7.7 

105 

57 

3.9 

41.0 

4.0 

24.3 

7..., 

.     10 

2.8 

52 

18 

5.2 

20.0 

4.6 

32.0 

8.... 

.       3 

.9 

15 

9 

-  5.0 

6.5 

4.3 

34.7 

Total..  351        100.0        822        401         ...  343.8        Av.  4.5        15.6 

From  the  above  tables  the  following  facts  are  deduced. 

Com  Grown  from  Thirteen-Ear  Seed. 

Average  weight  of  ears  per  plant 21 .3  ounoeg. 

Average  weight  of  ear 4.6      " 

Average  number  of  ears  per  plant 4.6 

Average  number  of  good  ears  per  plant 3.1 

Com  Grown  from  Eleven-Ear  Seed. 

Average  weight  of  ears  per  plant 15.6  ounces. 

Average  weight  per  ear 4.5      " 

Average  number  of  ears  per  plant 3.5 

Average  number  of  good  ears  per  plant 2.3 

Taking  all  the  plants  together,  grown  both  from  the  eleven  and 
the  thirteen-€ar  seed,  the  following  averages  are  obtained : 

Average  weight  of  ears  per  plant 19.3  ounces. 

Average  weight  per  ear 4.6       " 

Average  number  of  ears  per  plant 4.2 

Average  number  of  good  ears  per  plant 2.8 


Digitized  by  VjOOQIC 


Report  op  the  Horticultural  Division.  219 

The  following  averages  are  available  from  the  whole  nineteen 
rows,  being  made  from  the  field  count  of  the  nine  rows  not  carefully 
husked  and  the  husking  count  of  the  remaining  ten  rows: 

No.  Per  cent. 

Plants  with  one  ear 35  2.1 

Plants  with  two  ears 169  10.3 

Plants  with  three  ears 247  15. 1 

Plants  with  four  ears 439  26.9 

Plants  with  five  ears 413  25.3 

Plants  with  six  ears 216  13.2 

Plants  with  seven  ears 83  5.1 

Plant  with  eij^t  ears 24  1.5 

Plants  with  nine  ears 6  .4 

Plant  with  ten  ears 2  .1 

Total 634        100.0 

No  single  plant  in  1906  bore  as  many  ears  as  in  1905,  the  highest 
number  being  thirteen  in  1905  and  only  ten  in  1906,  but  the  average 
number  per  plant  increased,  as  will  be  shown  by  the  following  com- 
parison: 

Comparison  of  Crop  of  1905  vnth  Crop  of  1906. 

1W5.        A^.    ^^^-^ 

Average  weight  of  ears  per  plant 15. 52  oz.  19.3  oz.  21 .3  oz* 

Average  weight  of  ears 4.00  oz.  4.6  oz.  4.6  oz. 

Average  number  of  ears  per  plant 3.9  4.2  4.6 

Average  number  of  good  ears  per  plant. ..        2.8  2.8  3.1 

In  1905,  50  per  cent*  of  the  plants  grown  bore  less  than  four  ears. 
In  1906  only  27.5  per  cent,  bore  less  than  four  ears.  The  results, 
therefore,  show  a  continued  increase  in  the  number  of  ears  produced 
per  plant. 

The  experiment  is  being  continued  in  1907.  Corn  of  this  same 
variety,  Potter's  Excelsior,  obtained  from  a  regular  seedsman,  is  this 
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year  being  grown  by  the  side  of  this  which  has  been  so  long  under 
selection,  to  determme  what  progress  has  been  made. 

Frost  Resistant  Beans. — The  breeding  of  beans  to  determine 
whether  it  is  possible  to  increase  their  frost  resisting  power  was  con- 
tinued in  1906,  as  in  former  years.  Fifty  beans  of  each  of  the  num- 
bers given  below  were  planted  in  hot-beds  on  April  3: 

Field  No.  RMord  No. 

(1)  15-1     '99,     '00,        '01,     '02,     '03,     '04,     '05  K. 

(2)  3        '99,    B.  F.,     '00,     '01,     H.,     '02,    '03,     '04,    '05. 

(3)  9-1     '99,     '00,     K.F.,     '01,    H.,     '02,    '03,     '04,    '05. 

(4)  24^1     '99,    '00,    G.  F.,     '01,    H.,     '02,     '03,     '04,     '05. 

(5)  2        '99,    B.  F.,     '00,     '01,     H.,     '02,     '03,     '04,    '05. 

Nos.  1  and  3,  as  designated  above,  are  Keeney's  Rustless,  as  in- 
dicated by  the  letter  K.  Nos.  2  and  5  are  Henderson's  Bountiful. 
No.  4  is  Golden-Eyed  Wax.  The  letters  F  and  H  indicate  that  in 
the  years  following  the  particular  strain  was  planted  in  the  field  or 
in  the  hot-bed,  respectively.  These  beans  germmated  promptly 
and  made  a  vigorous  growth.  The  amount  of  air  given  was  grad- 
ually increased,  then  the  sashes  were  removed  dmring  the  day  and 
finally  left  off  altogether  the  night  of  April  26,  in  order  to  expose  the 
plants  to  frost. 

A  thick,  white  frost  was  observed  on  the  plain  on  the  mornings 
of  May  1  and  May  5.  All  the  numbers  showed  more  or  less  injury, 
which  may  have  been  due  as  much  to  cold  wind  as  to  frost.  The 
plants  of  No.  1  suffered  least,  perhaps  owing  to  location,  being  partly 
protected  by  a  partition  on  the  west  side.  Two  rows  of  No.  3  had  a 
similar  protection,  but  were  injured  more.  No.  2  appeared  to  suffer 
more  than  the  others,  all  the  plants  having  a  yellow  appearance. 
No.  4  was  also  hurt  considerably.  The  plants  most  injured  were 
removed  May  5,  but  a  number  of  those  left  in  Nos.  2,  3,  and  4  showed 
some  injury  to  the  leaves.    The  numbers  removed  were  as  follows: 

No.  1,  9  plants;  No.  2,  19  plants;  No.  3,  11  plants;  No.  4,  15 
plants;  No.  5,  8  plants. 

Another  heavy  frost  occurred  the  morning  of  May  11.     Nearly  all 
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the  plants  were  frosted,  at  least  all  new  growth.  None  wholly  escaped, 
except  a  very  few  close  to  the  partition,  and  most  of  these  were  hurt. 
The  larger  leaves  were  killed  on  all  plants  in  the  center  of  the  beds. 
The  plants  most  injured  were  pulled  May  19,  leaving  the  best  as 
follows: 

Number     Number 
No.  pulled.  left. 

1 20  19 

2 13  17 

3 12  26 

4 11  22 

5 18  23 

The  strains  which  have  been  grown  in  the  open  ground  from  year 
to  year  were  planted  on  the  plain,  April  27, 1906.  These  were  placed 
in  rows  three  feet  apart,  with  the  beans  one  foot  apart  in  the  row. 
Two  hundred  and  one  beans  of  each  number  were  planted,  the 
numbers  being  as  follows: 

Field  No.  Record  No. 

(6)  3        '99,    B.  F.,     '00,     '01,     '02,     '03,     '04,     '05. 

(7)  9-1     '99,     '00,     K.  F.,     '01,     '02,     '03,     '04,     '05. 

(8)  24-1     '99,    '00,     G.  F.,    '01,     '02,     '03,     '04,     '05. 

(9)  2        '99,    B.  F.,     '00,     '01,     '02,     '03,     '04,     '05. 
(10)                        15-1     '99,     '00,     '01,     '02,     K.  F.,     '03,     '04,     '05. 

The  purpose  in  this  series  has  been  to  plant  the  beans  early  in 
order  to  subject  them  to  frost,  if  it  occurs  after  they  are  up,  and  to 
unfavorable  weather  conditions  in  germination.  Unfortunately,  an 
assistant  planted  these  beans  so  deeply,  in  1906,  that  they  came  up 
irregularly,  and  many  of  them  were  but  just  appearing  on  June  1.  The 
only  test,  therefore,  which  this  season  afforded  was  that  of  their 
ability  to  stand  cold  weather  and  come  through  so  much  soil. 

The  following  numbers  in  each  row  were  found  growing,  July  10, 
from  the  201  beans  of  each  which  were  planted: 
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No. 

6 166  plants. 

7 77  plants. 

8 40  plants. 

9 167  plants. 

10 119  plants. 

In  order  to  determine  whether  any  progress  has  been  made  in 
increasmg  the  hardiness  of  these  beans,  seed  of  the  same  varieties 
was  obtained  from  a  seedsman  in  1907  and  planted  with  them.  The 
beans  grown  in  frames  last  year  were  found  to  be  in  bad  condition  at 
planting  time,  apparently  having  been  hurt  by  the  weather  before 
they  were  gathered.  It  was  therefore  necessary  to  use  seed  of  1905 
for  part  of  the  planting  in  frames. 

The  number  of  beans  planted,  as  divided  between  old  and  new  seed, 
was  as  follows: 

No.  1006  sMxL  1906wed. 

1 30  20 

2 30  20 

3 ; 60 

4 : .     35  15 

5 10  20 

Seeds  Obtained  from  Seedsman. 

Golden  Eyed  Wax,  50. 
Bountiful,  50. 
Keeney's  Rustless,  50. 

These  were  planted  in  a  cold-frame,  April  2.  The  weather  was 
cold,  and  the  beans  germinated  very  slowly.  After  some  of  them 
were  up  they  were  gradually  hardened  and  had  been  left  exposed  to 
the  weather  some  time  when  the  freeze  occurred,  which  happened 
on  the  night  of  May  11.  This  was  a  very  cold  night,  and  ice  of  con- 
siderable thickness  was  seen  on  the  morning  of  May  12.  A  ther- 
mometer at  the  greenhouse  stood  at  29^.  Most  of  the  plants  were 
badly  hurt.     Their  condition,  as  noted  May  12,  was  as  follows: 
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No.  Seed.  Flanta  up.  Plftnts  unhurt. 

1.  1905 16  3 

1.  1906.. 1  1 

2.  1905 22  1 

2.  1906 6  0 

3.  1906 1  0 

4.  1905 4  0 

4.  1906 0  0 

5.  1905 10  0 

6.  1906 ' 6  3 

Seed  from  Seedsman. 

Golden  Eyed  Wax 15  1 

Bountiful 34  5 

Keeney'fl  Rustless 30  10 

Some  of  the  plants  grown  from  seedsmen's  seed  seemed  to  be  more 
completely  killed  than  those  from  selected  seeds,  but  a  larger  percent- 
age remained  unhurt.  The  poor  condition  of  the  seed  selected  in  1906 
may  have  been  responsible,  in  part,  for  the  loss,  owing  to  decreased 
vitality,  but  that  would  not  apply  to  the  seed  of  1906,  which  was  in 
good  condition. 

On  May  29  the  plants  grown  were  again  coimted,  and  the  following 
numbers  foimd  alive: 

No.               Source  of  seed.  Number  aliye. 

1.     (Keeney's  Rustless)  1905 3 

1.  "  "         1906 0 

2.  (Bountiful)  1905 7 

2.  "  1906 2 

One  of  these  was  apparently  not  up  when  the  frost  came. 

3.  (Keeney's  Rustless)  1906 0 

4.  (Golden  Eyed  Wax)  1905 1 

Apparently  not  up  when  frost  came. 

4.  (Golden  Eyed  Wax)  1906 0 

5.  (Bountiful)  1905 1 

5.  "  1906 3 
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Seedsmen's  Seed. 

Number  aliTe. 

Golden  Eyed  Wax  (from  seedsman) ; .  2 

Bountiful  "  "  8* 

Keeney's  Rustless       "  "  12t 

The  beans  in  the  field  selection  were  planted  April  23.  Two 
hundred  beans  of  each  of  Nos.  6,  7,  8,  9,  and  10,  also  of  Golden  Eyed 
Wax,  Bountiful,  and  Keeney's  Rustless  were  planted  in  plat  No. 
103.     Fertilizer  was  applied  at  the  following  rate  per  acre: 

100  lbs.  nitrate  of  soda. 
500  lbs.  acid  phosphate. 
200  lbs.  muriate  of  potash. 

The  beans  were  very  slow  in  germinating,  owing  to  the  cold,  back- 
ward spring.  An  occasional  plant  was  just  beginning  to  show  on 
May  27.  On  June  4  it  was  possible  to  count  the  following  numbers 
in  sight;  some  of  these  were  only  just  breaking  through  the  ground, 
but  none  were  counted  unless  at  least  the  curved  stem  of  the  young 
plant  was  to  be  seen: 

No. 

6.  (Bountiful)  8  plants. 

7.  (Keeney's  Rustless)  11  plants. 

8.  (Golden  Eyed  Wax)  23  plants. 
0.  (Bountiful)  3  plants. 

10.     (Keeney's  Rustless)  13  plants. 

Bountiful,  from  seedsman,  3  plants. 
Keeney's  Rustless,  from  seedsman,  2  plants. 
Golden  Eyed  Wax,  from  seedsman,  11  plants. 

Those  which  were  up  far  enough  to  show  real  leaves  all  looked  very 
small  and  weak,  the  leaves  themselves  being  small.  It  is  doubtful 
if  any  real  frost  occurred  after  these  plants  were  up,  but  they  had  a 
hard  trial  owing  to  the  very  cold  weather  which  prevailed. 

It  will  be  seen  by  the  above  account  that  in  the  case  of  the  field 
beans  a  somewhat  larger  number  of  those  grown  from  selected  seed 

*Ilve  of  th«M  were  tanall  and  weak. 
tOne  of  these  waa  small. 
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were  above  ground  at  this  date  than  of  those  grown  from  ordinary 
seed.  In  the  case  of  those  grown  in  frames,  however,  no  advantage 
whatever  was  apparent.  It  seems  fair  to  infer,  therefore,  that  if  any 
progress  whatever  has  been  made  in  increasing  the  hardiness  of  these 
beans,  it  has  been  so  little  as  to  be  of  no  real  practical  value,  which 
leads  to  the  conclusion  that  this  is  not  a  promising  line  of  plant- 
breeding. 

LfQiim  Experiments. — The  lawn  experiment,  begun  in  1905,  yielded 
some  interesting  results  in  1906.  The  appearance  of  the  sod  in 
spring  is  recorded  in  the  annual  i:eport  for  1906.  Later  observations 
are  given  below. 

The  object  of  this  experiment  was  to  compare  the  effects  of  fer- 
tilizers leaving  an  acid  residue  and  those  leaving  an  alkaline  residue 
with  others  which  are  nearly  neutral  in  their  effect  on  the  soil.  Seven 
different  grasses  and  grass  mixtures  were  used  in  this  comparison. 
In  addition  to  this,  a  number  of  plats  designed  to  compare  the  in- 
fluence of  different  proportions  and  combinations  of  fertilizers  are 
included,  also  a  number  of  partial  plats  which  are  seeded  with  addi- 
tional special  mixtures  offered  by  seedsmen,   or  with  individual 


The  following  observations  show  the  main  features  noted  during 
the  latter  part  of  the  season  of  1906: 

Add  Fertilizer. 

Plat  1. — Kentucky  bluegrass.  A  good,  even  lawn.  An  occasional 
chickweed  and  plantain  appeared.  Otherwise  the  plat  was  free  from 
weeds.     One  of  the  best  in  color. 

Plat  2. — Rhode  Island  bent.  This  made  a  turf  of  very  fine  and 
close  texture.  An  occasional  chickweed  and  a  very  few  plants  of  plan- 
tain were  the  only  weeds  to  be  seen.  Color  objectionable,  having  a 
brownish  appearance  late  in  the  season  and  in  the  early  spring. 

Plat  No.  3. — Redtop.  This  grass  makes  a  fair  turf,  but  is  much 
coarser  in  texture  than  bluegrass  or  Rhode  Island  bent.     In  color 
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it  is  better  than  Rhode  Island  bent,  but  not  equal  to  Kentucky 
bluegrass. 

Plat  No.  4. — Red  fescue.  A  number  of  vacant  patches  appeared 
in  this  plat.  The  seed  was  somewhat  mixed  with  velvet  grass,  also 
known  as  meadow  soft-grass,  and  these  plants  persist.  Very  few 
weeds  appeared.  The  color  is  a  peculiar  gray,  reminding  one  of  the 
buffalo  grass  of  the  Plains,  and  giving  a  peculiar  dried-up  appearance 
to  the  lawn,  especially  when  the  rainfall  is  not  abimdant. 

Plat  No.  5. — Grass  mixture  No.  1;  Kentucky  bluegrass,  Rhode 
Island  bent,  redtop,  white  clover,  equal  parts  by  weight.  This  gave 
a  very  nice  even  turf,  with  few  weeds,  and  of  excellent  texture.  The 
admixture  of  clover  keeps  it  bright  and  fresh  even  in  dry  weather. 

Plat  No.  6. — Grass  mixture  No.  2;  Rhode  Island  bent,  redtop, 
red  fescue.  This  gives  a  lawn  good  in  texture,  but  not  equal  in  this 
respect  to  Rhode  Island  bent  used  alone.  It  appears  dry  and  brown 
in  dry  weather. 

Plat  No.  7. — Henderson's  lawngrass.  This  mixture  is  largely 
made  up  of  white  clover  and  perennial  rye  grass,  both  of  which  keep 
green  in  dry  weather,  giving  the  lawn  a  good,  fresh  appearance  at 
all  seasons.    The  texture  is  somewhat  coarse. 

The  different  proportions  and  combinations  of  fertilizers  tried 
showed  no  difference  in  effect  during  1906. 

The  following  notes  were  made  upon  the  character  of  the  different 
grass  mixtures  used : 

Thorbum  lawngrass. — ^This  appeared  coarse  and  uneven  in  texture. 
The  clover  seemed  to  be  quite  largely  in  patches.  Some  coarse  grass 
which  appeared  like  timothy  was  present. 

Thorburn  lawn-restoring  mixture  gave  a  good  imiform  turf,  but 
very  coarse  in  textiure. 

Thorburn  putting-green  mixture  produced  an  even  lawn  with  but 
few  weeds,  being  about  like  redtop  in  textiu^. 

Thorburn  golf-links  mixtiure  gave  a  good,  firm  turf,  moderately 
coarse  in  texture,  with  some  clover  present. 
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In  Henderson's  terrace-sod  mixture  clover  was  prominent,  the 
texture  being  fairly  good. 

Henderson's  tough-turf  mixture  gave  an  even,  uniform  turf,  very 
good  in  texture,  with  clover  abundant. 

Creeping  bent  gave  a  very  imeven  lawn  with  many  vacant  spots, 
which  were  frequently  occupied  by  sorrel  and  plantain.  This  is  a 
very  fine  grass,  giving  a  lawn  of  excellent  texture  where  it  is  uniform. 
It  starts  early,  thrives  quite  well  in  the  shade,  and  is  of  a  lighter 
green  color  than  most  of  the  grasses. 

Canada  bluegrass  appeared  somewhat  patchy.  The  stubble  is 
rather  stiflF,  making  the  texture  coarser  than  it  appears  to  the  eye. 
In  color  this  grass  is  very  dark,  and  imlike  any  of  the  others  imder 
experiment. 

In  comparing  these  same  grasses  on  the  plats  treated  with  alkaline 
and  neutral  fertilizer,  at  the  end  of  September  the  following  obser- , 
vations  were  made:* 

The  Rhode  Island  bent  plat  treated  with  alkaline  fertilizer  was 
estimated  to  contain  ten  per  cent,  more  chickweed  and  rather  less 
plantain  than  the  one  treated  with  acid  fertilizer.  The  redtop  and 
red  fescue  were  about  alike  in  the  three  series.  With  grass  mixture 
No.  1  the  acid  plat  was  very  free  from  chickweed,  which  was  quite 
abundant  on  the  alkaline  plat.  There  was  also  more  plantain  on  the 
alkaline  plat  sown  with  miirture  No.  2.  With  Henderson's  mixture, 
no  particular  diflFerence  could  be  detected. 

In  color,  Henderson's  mixture,  Thorburn's  golf-links  mixture,  and 
Henderson's  terrace-sod  mixture  rank  first,  all  being  quite  similar 
in  appearMice,  owing  to  the  presence  of  perennial  rye  grass.  Grass 
mixture  No.  1  ranks  next.  Mixture  No.  2  is  dull,  being  about  the 
poorest  of  any  in  appearance,  with  redtop  and  Canada  bluegrass  next 
in  order,  followed  by  creeping  bent.  The  redtop  lawn  looks  much 
like  a  hay-field  shortly  after  mowing,  the  stubble  being  coarse. 

Clover  helps  greatly  in  giving  a  fresh  green  appearance  to  a  lawn 
in  dry  weather.     Nearly  all  the  grasses  look  brown  during  drought. 

*It  b  possible  that  many  of  the  weeds  came  from  seeds  already  in  the  ground,  which  were 
miequally  distributed. 
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Perennial  rye  grass  is  an  exception,  being  the  brightest  of  all. 
Kentucky  bluegrass  is  also  fairly  good.  Canada  bluegrass  gives  the 
darkest  lawn  and  creeping  bent  the  lightest.  Rhode  Island  bent 
gives  a  lighter  colored  lawn  than  Kentucky  bluegrass. 

After  hard  frosts  occurred,  red  top  and  grass  mixture  No.  2  ap- 
peared very  brown.  Henderson's  mixture  was  still  the  best,  fol- 
lowed by  mixture  No.  1,  imless  it  were  some  of  the  special  mixtiu*es 
which  contain  perennial  rye  grass,  as  all  of  these  held  their  color  well. 
This  grass  and  clover  keep  fresh  and  green  in  spite  of  the  cold.  Red 
fescue  also  looked  better  than  most  of  the  others  late  in  the  season, 
and  much  better  than  during  the  earlier  dry  weather.     At  the  end 

r 

of  the  season  it  appeared  even  better  than  bluegrass. 

The  finest  grasses,  like  Rhode  Island  bent  and  red  fescue,  are 
harder  to  mow  than  the  coarser  kinds,  like  perennial  rye  grass  and 
clover. 

In  the  spring  of  1907  marked  differences  were  observed  in  the  time 
at  which  the  different  mixtures  and  grasses  began  to  make  a  present- 
able appearance.  By  the  end  of  April  most  of  the  plats  were  be- 
ginning to  look  somewhat  green,  a  few  of  them  being  quite  present- 
able. Notes  made  April  22  show  that  Rhode  Island  bent  appeared 
absolutely  lifeless  at  that  time,  there  being  no  green  in  sight  except 
around  the  sides.  The  color  in  early  spring  is  a  very  pronounced 
gray.  This  grass  seemed  to  dominate  the  color  of  the  plats  sowed 
with  mixture  No.  1,  so  that  they  also  looked  gray.  Red  fescue  also 
appeared  gray,  but  with  more  of  a  yellowish  tinge  than  the  Rhode 
Island  bent.  Creeping  bent  also  looks  gray  in  early  spring.  Hen- 
derson's mixture  becomes  green  very  early,  as  both  the  white  clover 
and  the  perennial  rye  grass  start  early.  These  grasses  help  the 
early  appearance  of  the  lawn  wherever  used. 

By  May  2  nearly  all  the  plats  were  looking  green.  Those  sowed 
with  Rhode  Island  bent,  or  a  mixture  in  which  this  formed  a  promi- 
nent part,  still  had  a  gray  and  dead  appearance.  This  condition 
continued  up  to  the  middle  of  May.  A  note  made  May  14  states 
that  the  Rhode  Island  bent  was  really  only  just  beginning  to  start 
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at  that  date.*  The  clover,  rye  grass,  and  bluegrass  were  then  making 
a  very  good  showing.  Henderson's  mixture  appeared  to  be  as  good, 
abeady,  as  it  would  be  at  any  time  during  the  season. 

A  few  days  later  the  Rhode  Island  bent  began  to  look  fairly  at- 
tractive, though  the  mat  of  dead  grass  still  showed  plainly.  At  that 
time  the  red  fescue  looked  well,  better  than  the  bent. 

By  the  end  of  May  the  Rhode  Island  bent  gave  a  nice  appearing 
lawn;  in  fact,  at  that  time  there  was  very  little  difference  in  the 
general  appearance  of  any  of  the  plats  except  in  texture.  So  far  as 
color  and  general  appearance  goes,  they  all  looked  well  and  much 
alike.  Red  fescue  did  have  a  little  more  of  a  gray  look  than  the 
others,  but  the  difference  was  not  pronounced.  Redtop  is  very 
coarse  in  texture  and  looks  coarse  at  all  times.  It  has  nothing  to 
recommend  it  as  a  lawn  grass.  The  plats  without  clover  were  fully 
as  pleasing  at  that  date  as  those  with  it. 

Market  Garden  Rotation. — This  rotation  was  in  the  third  year  of  the 
plan  outlined,  in  1906.  The  crops  for  the  year  consisted  of  potatoes 
and  early  cabbage  for  the  early  crops,  which  were  followed  by  beets 
and  carrots  on  the  ground  occupied  by  early  cabbage  and  by  turnips 
and  cabbage  on  the  ground  first  occupied  by  potatoes.  The  plan  of 
the  experiment,  as  explained  in  previous  reports,  is  to  compare 
stable-manure  on  the  one  hand  with  chemicals  and  a  cover-crop  on 
the  other.  Stable  manure  at  the  rate  of  ten  cords  per  acre  has  been 
used  annually  on  one  plat,  and  chemicals  at  the  rate  of  one  ton  per 
acre,  upon  the  other,  as  follows: 

Nitrate  of  soda,  400  pounds. 
Dried  blood,  300  pounds. 
Acid  phosphate,  1,000  pounds. 
Muriate  of  potash,  300  pounds. 

One-half  the  nitrate  of  soda  and  all  of  the  other  chemicals  were 
mixed  together  for  application  at  the  time  of  planting,  the  remaining 
nitrate  of  soda  being  reserved  for  a  later  application. 

*  Had  the  grass  been  dressed  with  stable  manure  it  would  have  stated  earlier. 
0 
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New  Queen  potatoes,  obtained  from  the  Agronomy  Division,  were 
placed  on  shelves  in  a  furnace  room  in  the  Experiment  Station  cellar 
to  sprout,  on  April  4.  These  potatoes  were  of  good  size  and  in  good 
conditicm.  Stable  manure  was  supplied  to  the  plat  receiving  it,  on 
April  9.  The  plats  were  plowed  April  17.  The  rye  cover-crop 
growing  on  the  chemical  plat  was  looking  well,  but  somewhat  bunchy; 
it  was  so  large  that  it  did  not  turn  under  well.  A  roller  wa&  then 
used  on  this  plat,  followed  by  a  cutaway  wheel  harrow  on  both, 
though  more  harrowing  was  needed  on  the  plat  where  rye  was  turned 
under.  Half  of  the  fertilizer,  mixed  as  described  above,  was  sown 
broadcast  on  the  plat  which  receives  chemicals,  both  plats  then  being 
harrowed  with  a  spring-tooth  harrow.  The  potatoes  were  planted 
on  April  18.  The  remainder  of  the  mixed  fertilizer  required  on  the 
one  plat  was  applied  in  the  furrow.  A  hand  wheel-hoe  was  then 
run  in  each  furrow  to  mix  it  with  the  soil.  In  order  that  conditions 
should  be  more  uniform,  this  wheel-hoe  was  run  through  the  furrows 
in  the  other  plat  in  the  same  manner. 

Five  rows  of  potatoes  were  planted  in  each  jplat,  these  rows  being 
about  208  feet  long.  The  pieces  were  dropped  fifteen  inches  apart 
in  the  row.  Part  of  the  seed  was  cut  the  afternoon  before  planting, 
the  remainder  on  the  day  of  planting.  Rows  were  planted  alter- 
nately on  each  plat. 

Cabbage  plants  were  set  in  the  remaining  three  rows  on  each  plat 
on  April  23,  the  plants  being  placed  eighteen  inches  apart.  The 
weather  conditions  were  excellent  for  transplanting. 

The  following  table  shows  the  dates  on  which  cabbages  were  har- 
vested, also  the  number  of  heads  and  the  weights  obtained  : 

Chemical  PUt.  Stable-Maimre  Flat. 

No.  of  heads.      Weii^t.         No.  of  heads.        Wogfat. 

July    9 88  265  lbs.  88  215  lbs. 

July  14 22  81    "  22  83    " 

July  16 4  14    "  ... 

July  21 275  1,070    "  282  1,070    " 

Total 389  l,430ib8.  392  1,368  lbs. 
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The  above  includes  90  bursted  heads  from  the  plat  receiving 
chemicals,  and  108  from  the  plat  receiving  stable  manure. 

It  will  be  noted  that  chemicals  produced  a  little  larger  yield  than 
stable  manure,  this  increase  appearing  chiefly  at  the  first  harvesting* 
indicating  that  the  chemicals  tended  to  hasten  maturity. 

Beets  and  carrots  were  sown,  July  23,  in  the  space  from  which  the 
cabbages  bad  been  removed,  two  rows  of  carrots  and  three  of  beets 
being  planted  on  each  plat,  with  rows  sixteen  inches  apart.  These 
did  not  have  time  to  complete  their  growth.  While  some  very  good 
beets  of  excellent  usable  size  were  obtained,  the  carrots  were  all 
small.  They  were  harvested  October  26,  and  the  following  weights 
were  obtained: 

Weii^t  of  roots.     Weight  of  tops. 

Beets  grown  with  chemicals 270. 5  lbs.  235  lbs. 

Beets  grown  with  stable  manure 193.0    '*  246    ** 

Carrots  grown  with  chemicals 219. 0    " 

Carrots  grown  with  stable  manure 208 . 0    " 

The  carrots  were  so  small  that  the  tops  and  roots  were  not  sep- 
arated. 

The  potatoes  were  harvested  August  9,  and  gave  the  following 
yields: 


WUh  Chemicals. 


Weight  in 
Bushels.   Pounds. 


Firsts 12.8  791 

Seconds 2.5  165 

Total 15.3  956 

With  Stable  Manure, 

Firsts 14.5  904 

Seconds 3.3  211 

Total 17.8  1,115 
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This  shows  the  yield  of  first  quality  potatoes  to  have  been  about 
fourteen  per  cent,  greater  from  stable  manure  than  from  chemicals. 

Four  rows  of  turnips  were  planted  and  two  rows  of  cabbage  set, 
August  11,  on  the  portion  of  each  plat  where  potatoes  had  been  grow- 
ing. The  remaining  nitrate  of  soda  was  applied  on  this  date  to  the 
plat  receiving  chemicals.  These  cabbages  did  not  mature;  they 
were  harvested  October  26.  There  being  no  heads  worth  consid- 
ering, the  plants  were  cut  off  at  the  ground  and  the  whole  top  weighed. 
The  weights  thus  obtained  were  as  follows: 

Pounds. 

Grown  with  chemicals 540 

Grown  with  stable  manure 588 

The  tiurnips  were  harvested  November  19,  1906.  While  not 
large,  many  of  them  were  excellent  roots.  The  yields  were  as 
follows: 

Pounds  of    Pounds  d 
roots.  tops. 

Grown  with  chemicals 318  343 

Grown  with  stable  manure 330  280 

Taking  all  the  crops  together,  the  returns  from  chemicals  supple- 
mented by  cover-crops  were  fully  equal  to  those  obtained  from 
stable  manure,  in  the  season  of  1906,  the  only  exception  being  that 
of  the  potatoes,  which  gave  a  slightly  larger  yield  from  stable  manure. 

In  1907  stable  manure  was  applied  to  plat  No.  101  on  April  3. 
The  land  was  plowed  and  harrowed  April  17,  the  chemicals  being 
applied  on  plat  No.  102  on  that  date.  Onions  and  spinach  were 
sown  on  each  plat,  April  18. 

Two  rows  of  small  lettuce  plants  were  set  soon  after  on  each  plat. 
The  spinach  germinated  promptly,  but  the  onions  somewhat  slowly. 
The  lettuce  made  almost  no  growth,  appearing  very  red  and  poor, 
being  little  larger  by  the  middle  of  June  than  when  set,  due  to  the 
very  cold,  backward  season. 


Digitized  by  VjOOQIC 


Report  of  the  Horticultural  Division.  233 

By  Jiine  10  the  spinach  on  the  chemical  plat  was  seen  to  be 
decidedly  ahead,  some  of  it  being  large  enough  to  cut.  In  such  a 
season  as  this  chemicals  ought  to  show  an  advantage,  particularly 
where  nitrate  of  soda  is  used,  since  in  such  cold,  unfavorable  weather 
the  soil  organisms  are  doubtless  able  to  do  little  in  rendering  available 
the  forms  of  nitrogen  which  stable  manure  contains. 

Melons, — ^A  simple  experiment  was  carried  on  in  1906  to  note  the 
effect  of  methods  of  planting  upon  muskmelons,  the  particular  object 
being  to  see  whether  it  was  possible  to  get  a  crop  in  spite  of  the 
melon  blight.  A  strip  of  land  which  was  used  in  the  tent-covering 
experiment  in  1905  was  used  for  this  purpose.  The  ground  was 
plowed  early  in  May»  and  lime  applied  and  harrowed  in  at  once,  at 
the  rate  of  one  ton  per  acre. 

On  June  4  three  furrows,  5^  feet  apart,  were  plowed  lengthwise 
of  this  strip,  running  the  plow  both  ways  to  make  the  furrows  deep. 
The  plat  was  divided  into  three  sections,  each  69  feet  4  inches  long. 
In  sections  1  and  2  these  furrows  were  partially  filled,  while  in  section 
3  they  were  left  as  plowed.  Stable  manure  was  then  placed  in 
the  furrows,  using  980  pounds  in  each  section.     In  sections  1  and 

2  this  was  placed  in  the  partially,  filled  furrows, 'while  in  section 

3  it  was  placed  in  the  bottom  as  explained  above.  This  manure 
was  then  covered  by  running  a  plow  on  each  side  of  the  furrows, 
which  was  followed  by  a  cultivator  and  rake.  This  left  a  ridge 
covering  each  furrow  in  sections  1  and  2,  with  the  ground  entirely 
level  in  section  3. 

It  was  designed  to  try  methods  of  protecting  the  young  plants  in 
one  of  these  sections,  but  this  part  of  the  experiment  was  not  carried 
out,  so  that  sections  1  and  2  are  strictly  comparable  throughout. 
Seeds  were  planted  in  two-thirds  of  each  row,  in  each  section,  the 
remainder  of  the  row  being  left  for  potted  plants.  The  potted  plants 
were  set  June  6,  having  been  started  in  three-inch  pots  May  1.  These 
plants  were  set  two  feet  apart  in  the  row. 

The  first  melons  were  harvested  September  15,  the  numbers  and 
weights  harvested  during  the  season  being  as  follows: 
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SMtion  1.       Section  1. 
From  seed.  Trueplftnted. 

Section  2. 
From  seed. 

Section  2.       Section  3. 
Tranepianted.  From  seed. 

Section  8. 

Wt. 
No.     (Ibe.) 

Wt. 
No.    Obe.) 

No. 

Wt. 
(Ibe.) 

Wt. 
No.  Gbe.) 

No. 

Wt. 
Obe.) 

No. 

Wt. 
Obe.) 

Sept. 

15     0       0.0 

2       1.6 

6 

5.3 

6       7 

3 

2.0 

24 

30.0 

Sept. 

18     1       2.0 

26    32.6 

19 

17.6 

34     46 

17 

13.5 

55 

60.0 

Sept. 

20  10      8.0 

24    29.0 

46 

36.5 

10      7 

78 

65.0 

31 

28.5 

Sept. 

22  21     19.6 

15     12.0 

28 

32.5 

18    20 

58 

*40.0 

18 

18.0 

Sept. 

26  30    24.0 

19     19.0 

56 

43.0 

16    18 

62 

46.0 

22 

12.0 

Total.  62  53.5  86  94.0  154  134.8  83  98  218  166.5  150  148.5 
Av.w'ts.  13.8  o2.      17.6  oz.  14  02.       18.9  oz.     12.2  oz.         15.8  oz. 

These  figures  show  that  the  largest  melons  were  obtamed  from  the 
transplanted  plants,  also  that  a  larger  proportion  were  obtained 
somewhat  earlier.  They  also  show  that  a  better  yield  was  obtained 
from  the  section  in  which  the  manure  was  placed  .in  the  bottom  of 
the  furrow  and  covered,  leaving  the  ground  level,  than  from  the 
sections  in  which  the  furrows  were  partially  filled  and  the  melons 
planted  on  a  ridge. 

It  being  evident  that  only  a  small  proportion  of  the  melons  could 
ripen,  and  as  many  of  these  might  be  taken,  thus  interfering  with 
the  record,  all  of  those  remaining  on  the  vines  September  19  were 
measured  with  calipers,  the  longer  and  shorter  diameters  being  taken. 
The  ones  harvested  September  20,  22,  and  25,  as  given  in  the  above 
table,  are  included  in  these  measurements.  The  number  and  aver- 
age diameter  6t  melons  found  on  each  section  at  that  date  are  shown 
below: 

Averace        Averece 
Section  Nmnber      ehorteet  longest 

No.  of  melons,    diemeter.       diameter. 

1.     From  seed 505  3.0  3.7 

1.  Transplanted 190  3.4  4.1 

2.  From  seed 502  3.1  3.8 

2.  Transplanted 156  3.5  4.1 

3.  From  seed 546  3.1  3.7 

3.    Transplanted 165  3.2  3.9 

It  will  be  seen  that  here,  as  in  the  melons  harvested  and  weighed, 
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those  produced  by  transplanted  plants  were  larger  than  those  ob- 
tained from  plants  grown  dfa*ectly  from  seed.  The  transplanted 
plants  in  section  3  gave  slightly  smaller  fruits  than  the  transplanted 
ones  in  the  other  sections. 

Comparing  the  number  of  melons  produced  from  transplanted 
plants  with  those  borne  by  plants  grown  directly  from  seed,  we  find 
the  following: 

Number  borne  by  seed  plants,  1,598. 
Number  borne  by  transplanted  plants,  637. 

There  being  twice  as  much  space  planted  with  seed  as  was  set  with 
plants,  this  shows  the  comparison  for  equal  length  of  row  to  have 
been  637  from  transplanted  plants  and  799  from  seed  plants.  This 
does  not,  however,  show  the  average  production  per  plant,  as  the 
transplanted  plants  were  set  two  feet  apart  in  the  row,  while  those 
grown  from  seed  were  naturally  closer. 

Blight  made  its  appearance  upon  these  melons  toward  the  end  of 
August,  and  the  entire  patch  was  sprayed  with  standard  Bordeaux 
mixture  on  the  afternoon  of  August  28.  The  vines  were  at  that  time 
strong  and  vigorous,  but  showed  some  blight,  mostly  in  patches,  and 
not  very  pronounced.  This  spraying  was  repeated  September  4, 
one  week  later.  The  blight  had  made  considerable  progress  since 
the  previous  spraying,  some  of  the  centers  which  showed  at  that  time 
having  become  very  pronounced,  with  most  of  the  leaves  dead. 
Spots  of  blight  were  to  be  seen  all  over  the  patch.  A  third  spraying 
was  given  a  week  later,  on  September  11.  The  blight  was  then 
very  bad,  and  apparently  worst  on  the  middle  section.  Certain 
spots  were  very  pronounced.  The  vines  were  carrying  a  large  num- 
ber of  melons,  but  needed  more  time  to  ripen  them.  A  fourth  spray- 
ing was  given  September  18.  The  vines  were  then  drying  up  with 
blight  in  all  sections,  but  the  plants  grown  from  seed  in  section  1 
appeared  to  be  in  better  condition  than  the  others.  While  this 
method  of  spraying  afforded  no  means  of  direct  comparison,  yet, 
judging  from  the  rapidity  with  which  plants  usually  die  when  at- 
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tacked  by  blight;  and  the  behavior  of  melon  plants  elsewhere  the 
same  season^  spra3ring  did  appear  to  hold  the  blight  in  check  some- 
what. Section  No.  1  was  really  in  quite  fair  condition  at  the  date  of 
this  last  spraying. 

Another  question  which  arose  in  connection  with  melon  growing 
was  whether  growing  plants  might  take  from  the  soil  copper  sulfate 
in  sufficient  quantities  to  enable  them  to  resist  bUght  to  any  extent. 
This  matter  did  not  receive  a  very  satisfactory  test,  but  seeds  were 
planted  in  frames  and  the  plants  watered  with  copper  sulfate  solution, 
as  follows: 

Plat  1.    One  pound  copper  sulfate  to  100  gallons  water. 
Plat  2.     Five  pounds  copper  sulfate  to  100  gallons  water. 
Plat  3.    Ten  pounds  copper  sulfate  to  100  gallons  water.' 

One  gallon  of  the  solution  was  applied  to  a  spot  of  groimd  about 
foiu*  by  six  feet  in  area  in  each  case.  These  applications  were  made 
August  1  and  August  10.  The  vines  in  all  three  lots  were  almost 
entirely  dead  at  the  time  of  the  second  application,  and  soon  perished 
completely.  So  far  as  this  very  crude  test  goes,  therefore,  it  is  not 
encoiuraging  for  this  line  of  effort. 

Strawberry'  Seedlings, — Detailed  notes  were  made  on  the  straw- 
berries in  fruit  during  the  season  of  1906.  Very  few  of  the  named 
varieties  gave  satisfactory  yields,  Gowen's  Seedling  and  Latest  being 
the  best.  A  few  of  the  seedlings  made  a  promising  showing.  The 
scores  of  some  of  these  follow.  The  score  of  Senator  Dunlap,  as 
that  of  a  typical  popular  variety  at  the  present  time,  is  added,  also 
the  scores  of  Gowen's  Seedling  and  Latest  representing  the  two 
which  gave  the  best  yields  among  the  named  varieties. 

STBAWBEBBT. 

Variety Senator  Dunlap. 

SCALE-POINTS  10-Perfeet. 
Plant. 
Vigor,  8.  Disease  Resistance,  8.  Frost  Resistance. 
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Productiveness,  6. 
Appearance,  8. 
Fragrance. 


Size,  7.  Regularity,  8.5. 

Texture,  7  (spongy).  Quality,  7.5. 

Hot  Besistanee. 


DESCRIPTION. 

Plant. 


Leaves. 

Runners,  weak. 

Bloom,  Season,  medium  to  late. 


Form,  ovate,  flattened. 

Color,  new  scarlet. 

Calyx^  raised. 

Seeds,  Position,  prominent. 

Season,  First,  June  19. 

General  Notes. 

Yield  from  10  plants,  157  ounces. 


Fruiting  Stems,  weak. 
Sex,  perfect. 

Fruit. 

Flavor,  subacid,  musky. 
Color  of  Flesh,  new  scarlet. 
Core,  solid. 

Size.  Color. 

Heaviest,  June  19.    Last,  July,  2. 


STBAWBEBBY. 

Variety Gowen  Seedling. 

SCAIiE-POINTS  10-Perfect. 
Plant. 
Vigor,  8.  Disease  Resistance,  8.  Frost  Resistance. 

Fmlt. 

Size,  8.5.  '  Regularity,  9. 


Productiveness,  8. 
Appearance,  9.5. 
Fragrance. 


Texture,  6.5.  Quality,  7. 

Rot  Resistance,  8. 


DESCRIPTION. 

Plant. 

Leaves,  large,  tall,  dark,  rugose,  curled. 

Runners,  strong,  few.  Fruiting  Stems,  long,  strong. 

Bloom.  Season.  Sex. 

Fmlt. 
Form,  ovate.  Flavor,  subacid. 

Color,  opera  scarlet.  Color  of  Flesh,  opera  scarlet. 
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Calyx,  cloae,  large.  Core,  spongy. 

Seeds,  Position,  slightly  depressed.        Size.  Color,  oobied. 

Season,  First,  June  19.  Heaviest,  June  30.        Last,  July,  6. 

General  Notes. 

Yield  from  about  10  plants,  222  ounces. 

STRAWBERRY. 

Variety Latest. 

SCAUB-POINTS  10-Perfeet. 
Plant. 
Disease  Resistance,  8.         Frost  Resistance. 
F^nlt. 

Size,  8.  Regularity,  8. 

Texture,  7.6.  Quality,  7.6. 

Rot  Resistance,  8. 

DESCRIPTION. 

Plant. 


Vigor,  S. 


Productiveness,  8. 
Appearance,  8. 
Fragrance. 


Leaves,  dark. 
Runners. 
Bloom,  Season. 

Form,  irregular,  ovate. 

Color,  opera  scarlet. 

Calyx,  close. 

Seeds,  Position. 

Season,  First,  June  19. 

General  Notes. 

Yield  from  10  plants,  266  ounces. 


Fruiting  Stems. 
Sex. 

Fnilt. 

Flavor,  subacid. 

Color  of  Flesh,  opera  scarlet. 

Core,  solid  or  spongy. 

Size,  small.  Color,  light 

Heaviest,  June  23.       Last,  July  6. 


STRAWBERRY. 

Variety No.  239,  Hunn  X  Ideal. 

SCALE-POINTS  10-Perfect. 
Plant. 
Vigor,  8.  Disease  Resistance,  7.  Frost  Resistance. 
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Plant. 

Productiveness,  8.  Size,  8.  Regularity,  8. 

Appearance,  9.  Texture,  6.  Quality,  7.5. 

Fragrance.  Rot  Resistance,  9. 

DESCIUPTION. 

Plant. 

Leaves,  large,  tall,  dark,  rugose. 

Runners,  long,  weak,  few.  Fruiting  Stems,  short,  strong. 

Bloom,  Season.  Sex. 

Ftnlt* 

Form,  short  conic.  Flavor,  subacid,  musky. 
Color,  new  scarlet.  Color  of  Flesh,  white,  colored  at  margin. 
Calyx,  deeply  depressed.  Core,  spongy. 
Seeds,  Position,  raised.  Size.  Color,  red. 
Season,  First,  June  21.                            Heaviest,  June  30.        Last,  July  6. 
General  Notes.     Late.  Just  beginning  to  ripen  well  June  27.    Stem  photo- 
graphed on  that  date.  Form,  color,  and  appearance  excellent. 
Yield  from  10  plants,  69  ounces. 

STBAWBEBBY. 

Variety No.  243,  Crescent  X  Glen  Mary. 

SCALE-POINTS  10-Perfeet. 

PUnt. 

Vigor,  7.  Disease  Resistance,  6.  Frost  Resistance. 

Fmit. 

Productiveness,  8.  Size,  7.5.  Regularity,  8. 

Appearance,  7.5.  Texture,  8.5.  Quality,  7.5. 

Fragrance.  Rot  Resistance,  8. 

DESCRIPTION. 

Plant. 

Leaves,  numerous,  small,  tall,  light. 

Runners,  weak,  numerous.  Fruiting  Stems,  weak,  short. 

Bloom,  Season,  late.  Sex,  weakly  perfect. 
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Fniit. 

Form,  ovate,  flattened.  Flavor,  subacid.  * 

Color,  opera  scarlet.  Color  of  Flesh,  opera  scarlet. 

Calyx,  close.  Core,  solid. 

Seeds,  Position.  Size.  Color. 

Season,  First,  June  19.  Heaviest,  June  30.        Last,  July  6. 

General  Notes.    Productive,  bright,  but  small. 

Yield  from  10  plants,  272}  ounces. 

STBAWBERBY. 

Variety No.  248,  McKinley  X  [Wm.  Belt  X  Wfld]. 

SCAUB-POINTS  lO-Perfect. 

Plant. 
Vigor,  9.  Disease  Resistance,  7.5.       Frost  Resistance. 

Fnilt. 
Productiveness,  7.  Size,  7.5.  Regularity,  8. 

Appearance,  7.5.  Texture,  8.  Quality,  8. 

Fragrance.  Rot  Resistance,  9. 

DESCRIPTION. 

Plant. 

Leaves,  numerous,  tall,  curled. 

Runners,  numerous,  long.  Fruiting  Stems,  short,  weak. 

Bloom,  Season,  medium.  Sex,  perfect. 

Fmit. 

Form,  conic,  flattened.  Flavor,  subacid. 

Color,  light.  Color  of  Flesh,  light. 

Calyx,  raised.  Core,  hollow. 

Seeds,  Position.  Size.  Color. 

Season,  First,  June  19.  Heaviest,  June  30.        Last,  July  6. 

General  Notes.    Large  fruit  for  a  wild  cross.    Light  in  color. 

Yield  from  10  plants,  180^  oimces. 

STBAWBERBY. 

Variety No.  250,  Glen  Mary  X  [Bubach  X  Wilflon]. 

SCALE-POINTS  lO-Perfect. 
Plant. 
Vigor,  9.  Disease  Resistance,  8.  Frost  Resistance. 
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Productiveness,  7. 
Appearance,  7.5. 
Fragrance. 


Size,  7. 

Texture,  7. 

Rot  Resistance,  9. 


Regularity,  8. 
Quality,  7.6. 


Leaves,  few,  large,  tall,  dark. 

Runners,  strong,  long. 

Bloom,  Season,  medium  to  late. 


Form,  ovate. 

Color,  new  scarlet. 

Calyx,  depressed. 

SeedS;  Position. 

Season,  First,  Jime  19. 

General  Notes. 

Yield  from  10  plants,  293  ounces. 


DESCRIPTION. 
Plant. 

Fruiting  Stems,  tall. 
Sex,  perfect. 

Fruit. 

Flavor,  subacid. 

Color  of  Flesh,  new  scarlet,  light. 

Core,  spongy. 

Size.  Color. 

Heaviest,  June  23.        Last,  July  6. 


STBAWBEBBY. 

Variety No.  251  [Wm.  Belt  X  WUd]  X  McKinley. 

SCAUB-POINTS  lO-Perfect. 
Plant. 

Vigor,  9.  Disease  Resistance,  7.  Frost  Resistance. 

Fruit. 


Productiveness,  7.5 
Appearance,  8. 
Fragrance. 


Leaves,  tall,  dark. 
Runners,  strong. 
Bloom,  Season. 

Form,  ovate. 
Color,  opera  scarlet. 


Size,  7.5. 

Texture,  8. 

Rot  Resistance,  8. 

DESCRIPTION. 

Plant. 


Regularity,  8. 
Quality,  7. 


Fruiting  Stems,  short,  weak. 
Sex. 

Fmit. 

Flavor,  subacid. 

Color  of  Flesh,  opera  scarlet 
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Calyx,  depressed.  Core,  spongy. 

Seeds,  Position.  Size.                           Color. 

Season,  First,  June  19.  Heaviest,  June  23.        Last,  July  6. 
General  Notes.    Good. 

Yield  from  10  plants,  23  li  ounces.  Figured  in  annual  report,  1905,  p.  216,  ai 
No.  154-18. 

STRAWBERRY. 

Variety. '. No.  254  [Wm.  Belt  X  WUd]  X  MoKinley. 

SCALE-POINTS  lO-Perfect. 
Plant. 
Vigor,  9.  Disease  Resistance,  7.  Frost  Resistance. 

Fruit. 

Productiveness,  7.5.  Size,  7.5.  Regularity,  7. 

Appearance,  7.  Texture,  7.5.  Quality,  9. 

Fragrance.  Rot  Resistance,  7. 

DESCRIPTION. 

Plant. 

Leaves,  numerous,  tall,  dark,  slightly  curled. 

Runners,  strong.  Fruiting  Stems,  short,  weak. 

Bloom,  Season,  late.  Sex,  imperfect. 

Fruit. 

Form,  ovate,  flattened.  Flavor,  subacid,  musky. 

Color,  opera  scarlet.  Color  of  Flesh,  opera  scarlet. 

Calyx,  raised.  Core,  hollow. 

Seeds,  Position,  depressed.  Size.  Color. 

Season,  First,  June  19.  Heaviest,  June  23.        Last,  July  6. 

General  Notes.    A  promising  berry.    Has  the  appearance  of  the  wild  berry, 

with  good  size,  but  not  very  much  of  the  wild  flavor. 
Yield  from  10  plants,  245^  ounces.     Figured  in  annual  report,  1905,  p.  216,  tf 

154-24. 

STRAWBERRY. 

Variety No.  255  [Wm.  Belt  X  WUd]  X  McKinley. 

SCAUB-POINTS  10-Perf  6€t. 
Plant. 

Vigor,  9.  Disease  Resistance,  8.  Frost  Resistance. 
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Fruit. 

Productivenees,  8.  Size,  7.5.  Regularity,  7.5. 

Appearance,  7.  Texture,  7.  Quality,  9. 

Fragrance.  Rot  Resistance,  8. 

DBSCUPTION. 

Plant. 

Leaves,  small,  dark,  glossy. 

Runners,  numerous,  weak.  Fruiting  Stems,  weak. 

Bloom,  Season,  medium.  Sex,  imperfect. 

Fmlt. 

Form,  ovate.  Flavor,  subacid. 

Color,  new  scarlet.  Color  of  Flesh,  opera  scarlet. 

Calyx,  raised.  Core,  hollow. 

Seeds,  Position.  Size.                           Color. 

Season,  First,  June  19.  Heaviest,  June  25.        Last,  July  6. 
General  Notes.    Good  plant,  productive. 

Yield  from  10  plants,  242  oimces.  Figured  in  annual  report,  1905,  p.  216,  as 
154-25. 

STBAWBERBY. 

Variety No.  257  [Bubach  X  Wm.  Belt]  X  Glen  Mary. 

SGAUB-POINTS  lO-Perfect. 
Plant. 
Vigor,  8.5.  Disease  Resistance,  7.5.       Frost  Resistance. 

Fruit. 

Productiveness,  8.  Size,  7.  Regularity,  7. 

Appearance,  8.  Texture,  8.  Quality,  8. 

Fragrance.  Rot  Resistance. 

DESCRIPTION. 

Plant. 
Leaves,  few,  dark,  glossy. 

Runners.  Fruiting  Stems,  strong. 

Bloom,  Season,  late.  Sex,  imperfect. 

FMIt. 

Form,  ovate,  flattened.  Flavor,  subacid. 

Color,  opera  scarlet.  Color  of  Flesh,  L'ght. 
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Calyx,  cloee.  Core,  solid. 

SeedB,  Position.  Size.  Color. 

Season,  First.  Heaviest,  June  30.        Last,  July  6. 

General  Notes.    Late,  productive. 

Yield  from  10  plants,  216*. 

STRAWBERRY. 

Variety No.  258  [Bubach  X  Wm.  Belt]  X  Glen  Mary. 

SGAUB-POINTS  10-Perfect. 
Plant* 
Vigor,  7.  Disease  Resistance,  7.         Frost  Resistance. 

Fruit. 

Productiveness,  9.  Sise,  8.  Regularity,  7.5. 

Appearance,  8.  Texture,  9.  Quality,  9. 

Fragrance.  Rot  Resistance,  8. 

Fruit. 

Leaves,  dark,  curled. 

Runners,  few.  Fruiting  Stems,  short. 

Bloom,  Season,  late.  Sex,  imperfect. 

Form,  short,  obtuse.  Flavor,  subacid. 

Color,  opera  scarlet.  Color  of  Flesh,  lig^t  opera  scarlet 

Calyx,  depressed.  Core,  solid. 

Seeds,  Position,  depressed.  Size.  Color. 

Season,  First,  June  19.  Heaviest,  Jime  30.        Last,  July  6. 

General  Notes.      Late,  productive,  not  very  large,  inclined  to  be  irregular. 

Photographed  in  the  field,  June  27. 
Yield  from  10  plants,  210}  ounces. 

STRAWBERRY. 

Variety No.  259,  Glen  Mary  X  [Bubach  X  Wilson]. 

SCALE-POINTS  lO-Perfect. 
Vigor,  8.5.  Disease  Resistance,  7.  Frost  Resbtance. 

FnUt. 
Productiveness,  7.  Size,  7.5.  Regularity,  8. 

Appearance,  8.  Texture,  8.5.  Quality,  8.5. 

Fragrance.  Rot  Resistance,  8. 

*  Record  of  first  picking  not  made. 
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DESCRIPTION. 

Plant. 


Leaves,  large,  tall,  dark,  wrinkled. 
Runners,  long,  strong. 
Bloom,  Season,  late. 


Fruiting  Stems,  short. 
Sex,  imperfect. 

Fruit. 


Form',  ovate. 
Color,  opera  scarlet. 
Calyx;  close,  large. 
Seeds,  Position. 
Season,  First,  June  19. 


Flavor,  subacid. 
Color  of  Flesh,  opera  scarlet. 
Core,  spongy. 

Size.  Color,  light. 

Heaviest,  June  30.        Last,  July  6. 
Gendral  Notes.    Bright,  attractive,  of  good  quality.    Flavor  very  pronounced, 

resembling  pineapple. 
Yield  from  10  plants,  227  ounces. 

STRAWBEBBT. 

Variety No.  261  [Bubach  X  Wm.  Belt]  X  Glen  Mary. 

SCALE-POINTS  lO-Perfect. 
nant. 
Vigor,  7.  Disease  Resistance,  6.  Frost  Resistance. 

Fmlt. 


Productiveness,  8.5. 
Appearance,  7.5. 
Fragrance. 


Size,  9. 

Texture,  9. 

Rot  Resistance,  9. 

DESCRIPTION. 

Plant. 


Regularity,  7. 
Quality,  7.6. 


Leaves,  dark,  curled. 
Runners,  few. 
Bloom,  Season,  late. 

Form,  irregular,  ovate,  flattened. 
Color,  opera  scarlet. 
Calyx,  close  or  depressed. 
Seeds,  Position. 
8 


Fruiting  Stems,  short,  strong. 
Sex,  perfect. 

Fruit. 

FJavor,  subacid. 

Color  of  Flesh,  light. 

Core,  solid. 

Size.  Color. 
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DESCRIPTION. 

Plant. 


Leaves,  large,  tall,  dark,  wrinkled. 
Runners,  long,  strong. 
Bloom,  Season,  late. 


Fruiting  Stems,  short. 
Sex,  imperfect. 


Fmlt. 


Form*,  ovate. 
Color,  opera  scarlet. 
Calyx*,  close,  large. 
Seeds,  Position. 
Season,  First,  Jime  19. 


Flavor,  subacid. 
Color  of  Flesh,  opera  scarlet. 
Core,  spongy. 

Size.  Color,  light. 

Heaviest,  Jime  30.        Last,  July  6. 
General  Notes.    Bright,  attractive,  of  good  quality.    Flavor  very  pronounced, 

resembling  pineapple. 
Yield  from  10  plants,  227  ounces. 

STRAWBEBBT. 

Variety No.  261  [Bubach  X  Wm.  Belt]  X  Glen  Mary. 

SCALE-POINTS  lO-Perfeet. 

nant. 

Disease  Resistance,  6.  Frost  Resistance. 

Fmlt. 

Regularity,  7. 
Quality,  7.6. 


Vigor,  7. 

Productiveness,  8.5. 
Appearance,  7.5. 
Fragrance. 


Size,  9. 

Texture,  9. 

Rot  Resistance,  9. 


Leaves,  dark,  curled. 
Runners,  few. 
Bloom,  Season,  late. 


Form,  irregular,  ovate,  flattened. 
Cobr,  opera  scarlet. 
Calyx,  close  or  depressed. 
Seeds,  Position. 
8 


DESCRIPTION. 

Plant. 


Fruiting  Stems,  short,  strong. 
Sex,  perfect. 

Fmlt. 

FJavor,  subacid. 

Color  of  Flesh,  light. 

Core,  solid. 

Size.  Color. 
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Season,  First,  June  19  (1  oz.).  Heaviest,  June  30.        Last,  July  6. 

General  Notes.    Late,  prominng,  some  veiy  fine,  large  berries. 
Yield  from  10  plants,  267  ounces. 

STRAWBEBAT. 

Variety ! . . .  .No.  267  iBubach  X  Wm.  Belt]  X  Glen  Maiy. 

8CAIJB-POINTS  lO-Perfeet. 
PlmBt. 
Disease  Resistance,  8.  Frost  Resistance. 

Fruit. 

Sise,  7.  Regularity,  7. 

Texture,  7.  Quality,  8.5. 

Rot  Resistance,  8. 

DBSCKIFnON. 

PlmBt. 


Vigor,  7.6. 

Productiveness,  9. 
Appearance,  8. 
Fragrance. 


Leaves,  few,  tall,  dark. 
Runners,  long,  strong. 
Bloom.  Season,  medium. 

Form,  ovate. 

Color,  opera  scarlet. 

Calyx,  close. 

Seeds,  Position. 

Season,  First,  June  19. 

General  Notes.    Late,  productive. 

Yield  from  10  plants,  233^  ounces. 


Fruiting  Stems,  long,  strong. 
Sex,  imperfect. 

Fruit. 

Flavor,  musky. 

Color  of  Flesh,  light  opera  scarlet. 

Core,  hollow. 

Size.  Color. 

Heaviest,  June  23.        Last,  July  6. 


In  the  above  scores  the  numerical  scale-mark  for  productiveness 
represents  the  judgment  of  the  observer,  based  upon  appearances 
only  as  the  plant  is  seen  growing.  This  is  not  always  a  reliable  guide, 
as  may  be  seen  by  comparing  these  judgments  with  the  yields 
obtained. 

It  will  be  seen  that  several  of  these  seedlings  which  have  descended 
in  part  from  the  wild  strawberry  gave  very  good  yields. 

Strawberry  Selection. — In  the  year  1899  a  number  of  varieties  of 
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strawberries  were  in  fruit  on  the  College  grounds.  These  were 
grown  in  hills,  and  the  yield  from  each  individual  hill  was  recorded. 
These  showed  marked  variations,  some  plants  of  the  same  varieties 
far  exceeding  others,  with  no  apparent  difference  in  conditions  dis- 
cernible. Taking  this  variation  in  yield  as  a  basis,  several  varieties 
were  selected  with  which  to  carry  on  experiments  designed  to  deter- 
mine whether  it  would  be  possible  to  increase  productiveness  by 
selecting  plants  continuously  from  the  most  productive  parents. 
The  following  varieties  were  chosen  for  this  purpose.  The  lowest, 
highest,  and  average  yields  of  individual  plants  are  also  given  to 
show  the  variation  which  occurred: 

Lowest  jdeld       Highest  yield      Averace  yield 
in  grams.  in  grains.  in  grams. 

Creecent 121.3  601.3  373.3 

Glen  Mary 286.6  756.3  460.1 

Ideal 87.8  166.2  131.8 

Jersey  Market 67.0  491.8  284.0 

McKinley 238.9  661  3  437.9 

Parker  Earle 72.6  469.2  286.0 

Seaford 199.8  468.9  361.8 

Yale 97.7  410.6  298.9 

The  most  productive  plant  was  chosen  in  each  of  these  varieties. 
In  the  case  of  McKinley,  a  second  plant,  selected  for  large  size  and 
good  shape  of  berries,  with  yield  nearly  as  good  as  the  best,  was  also 
chosen. 

In  1900  yoimg  plants  from  each  of  these  parents  were  selected  for 
planting  in  a  new  location.  Ten  plants  were  taken  in  each  case,  if 
available.  If  not,  other  plants  were  set  later  when  possible.  The 
plan  of  that  year  was  to  allow  each  of  these  newly  set  plants  to  pro- 
duce five  runners  with  a  single  plant  on  each  runner  so  that  these 
younger  plants  could  be  transplanted  the  following  spring  and  be 
ready  to  form  a  basis  for  continuing  the  selection  as  soon  as  the 
behavior  of  the  plant  from  which  they  were  taken  could  be  known. 
The  first  difficulty  encountered  was  the  fact  that  the  parents  which 
had  proved  most  productive  in  1899  had  often  been  so  weakened  by 
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their  heavy  fruit-bearing  that  they  had  produced  but  few  plants,  and 
these  often  weak.  In  order  to  remedy  this  difficulty,  and  also  to 
provide  for  annual  selection,  the  plan  followed  was  to  let  each  plant 
produce  a  few  young  ones  in  the  year  it  was  set,  so  that  when  its 
yield  became  known  the  following  year  plants  would  be  ah-eady 
available  with  which  to  continue  the  selection,  these  yoimg  plants 
having  been  set  in  their  permanent  positions  in  the  spring  of  the 
same  year  in  which  the  parent  plant  bore  its  fruit.  This  was  found, 
however,  to  be,  in  practice,  somewhat  more  difficult  to  carry  out 
than  it  would  appear  to  be.  If  more  than  the  desired  number  of 
plants  are  allowed  to  grow,  their  production  weakens  the  parent 
plant,  and  without  constant  watchfulness  it  is  almost  impossible  to 
get  just  the  number  needed  and  no  more. 

The  first  fruit  was  borne  by  these  selection  plants  in  1901.  The 
yields  were  much  less  than  from  the  parent  plants  in  1899,  due  largely 
to  the  fact  that  some  young  plants  had  been  produced  so  that  not  so 
good  fruiting  hills  resulted.  As  before,  the  variations  in  jields  were 
marked.  The  most  productive  plant  was  chosen  from  which  to  con- 
tinue the  selection.  These,  and  the  yields  which  they  produced, 
were  as  follows: 

Yield  in  grams. 

Crescent,  15-3* • 209. 

Glen  Mary,  12-3 118.5 

Ideal,  6-1 43.8 

Jersey  Market,  21-10 151.0 

McKinley,  16-1 158.9 

McKinley.  18-1 190.8 

Seaford,  4-4 188.6 

Yale.  20-4 138.6 

In  1902  the  yields  were  even  poorer  and  more  unsatisfactory  than 
in  1901.  This  fact,  however,  does  not  argue  anjrthing  either  for  or 
against  the  method  of  selection  to  increase  yields;   it  means,  rather, 

^Theee  daaignstions  mean  that  plant  No.  15  of  the  Oreeoent  variety  gave  the  heaviest  yield 
in  1890.  and  was  the  one  chosen  for  selection,  and  that  plant  No.  3,  of  its  ofiFspring.  yielded 
beet  in  1001.  and  was  therefore  chosen  as  the  one  throu^  which  to  continue  the  selection. 
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as  suggested  above,  that  attempting  to  produce  half  a  dozen  plants 
from  a  single  one,  and  then  holding  that  parent  plant  to  form  a  hill 
for  fruiting  the  following  year,  is  not  a  satisfactory  procedure.  Those 
which  yielded  best,  however,  were  selected,  as  in  previous  years,  and 
the  plants  for  future  setting  were  taken  from  the  next  generation 
which  had  been  produced  from  these  plants  the  year  before  fruiting. 

Beginning  with  1903  the  plan  was  changed,  and  the  plants  set  far 
enough  apart  so  that  6ach  one  might  form  a  colony  consisting  of  the 
plant  set  and  the  young  plants  produced  from  it.  This  permits 
taking  the  yield  of  the  colony  as  a  basis  for  selection,  instead  of  the 
yield  of  the  individual  plant  set.  In  this  way  the  plants  removed, 
from  which  to  carry  on  the  selection,  have  less  eflfect  in  reducing  the 
jdeld.  It  really  seems  to  be  a  better  basis  of  selection,  too,  since  the 
majority  of  growers  follow  some  of  the  matted-row  systems,  and  the 
most  satisfactory  plant  is  the  one  which  yields  the  most  berries,  not 
from  its  own  stems,  but  from  itself  and  its  oflFspring  together. 

In  this  colony  plan  of  selection  five  plants  are  set  in  a  new  location 
the  first  spring  after  planting,  before  the  yield  of  the  colony  is  known, 
in  order  that  selection  may  go  on  from  young  vigorous  plants  and 
that  yearly  progress  may  be  made,  which  could  not  be  done  if  no 
plants  were  taken  until  after  fruiting. 

The  yields  in  1903  were  even  poorer  than  ever,  due  largely  to  the 
fact  that  too  many  runners  had  been  allowed  to  form  from  the  parent 
plants  the  previous  autimm.  However,  those  which  gave  the  most 
fruit  were  chosen  as  the  parents  of  the  future  line,  in  the  same 
manner  as  before. 

In  1904,  the  first  year  of  colony  fruiting,  the  yields  were  not  alto- 
gether satisfactory,  but  aflForded  a  better  basis  than  by  the  previous 
plan.  It  was  found,  however,  that  it  often  depended  more  upon  the 
number  of  plants  which  happened  to  remain  in  the  colony  than  upon 
the  individual  productiveness  of  these  plants.  It  is  fair  to  assume, 
however,  that  this  represents  a  part  of  the  real  value  of  the  parent 
plant,  and  hence  this  colony  plan  has  been  steadily  pursued  since 
being  started.  A  few  of  the  varieties  have  done  so  poorly  that  they 
have  been  abandoned. 
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Detailed  yields  from  these  individual  colonies  would  make  tiresome 
reading,  but  the  following  table  will  show  the  highest,  lowest,  and 
average  yield  from  the  colonies  of  each  variety  in  1906: 

Lowest  yield       Highest  yi^d     Average  yield 
in  grams.  in  grams.  in  i 


Crescent 27.0  118.6  66.7 

Glen  Mary 3.0  80.5  33.5 

Ideal 4.0  310  14.0 

McKinley 3.5  '       30.0  13.0 

It  is  fair  to  ask,  after  the  many  years  of  selection,  what  progress 
has  been  made.  Perhaps  this  question  can  only  be  answered  fully 
by  comparing  these  plants  with  those  obtained  from  ordinary  sources 
in  the  trade,  which  is  now  being  done.  So  far  as  indications  go, 
however,  the  result  has  not  been  promising.  The  difl^culties  which 
have  appeared  have  seemed  to  more  than  offset  the  possible  advan- 
tage which  might  accrue  by  always  selecting  the  most  productive 
parent.  Indeed,  in  one  case,  when  the  old  colonies  were  left  a  second 
year,  the  yield  that  year  was  not  in  the  same  order  as  the  previous 
year  when  the  line  of  selection  was  determined.  This  would,  doubt- 
less, often  prove  true.  While  strong,  well-grown  plants  should 
always  be  preferred  as  parent  stock,  the  indications  are  that  choosing 
wholly  from  the  standpoint  of  productiveness,  like  many  other  pretty 
theories,  may  readily  be  overworked. 

Miscellaneous  Experiments. 

A  number  of  problems  have  received  attention  during  the  connec- 
tion of  the  horticulturist  with  the  Station,  many  of  which  have 
yielded  negative  or  comparatively  unimportant  results;  others  are  of 
uch  a  nature  that  not  sufficient  time  has  elapsed  to  bring  results. 
It  seems  well  at  this  time  to  bring  together  most  of  these  minor 
and  long-time  experiments,  to  record  what  has  been  accomplished. 

Apple  Breeding. — To  determine,  if  possible,  the  influence  of  select- 
ing cions  from  bearing  trees  of  known  quality  and  productiveness, 
twenty  Northern  Spy  trees  were  planted  in  the  spring  of  1898.    The 
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design  was  to  top-graft  ten  of  these  with  selected  cions  and  ten  from 
miscellaneous  cions  taken  from  nm'sery  rows.  Nine  of  these  trees 
were  whip-grafted,  in  the  spring  of  1899,  with  cions  of  Rhode  Island 
Greening  received  from  George  T.  Powell,  of  Ghent,  New  York. 
These  cions  were  personally  selected  by  Mr.  Powell  from  typical  trees 
bearing  from  seven  to  nine  barrels  each.  Cions  from  ordinary 
nursery  rows  were  not  available.  The  other  ten  trees  were  there- 
fore used  from  time  to  time  for  top-working  with  other  varieties. 
These  top-worked  trees  can  be  compared  with  nursery  trees  planted 
to  determine  more  especially  the  influence  of  stock  upon  cion. 
These  trees  nearly  all  bloomed  to  some  extent  in  1907.  A  few  hung 
full,  but  the  majority  of  them  had  only  a  comparatively  small  num- 
ber of  blossoms. 

For  the  purpose  of  determining  more  especially  the  influence  of 
stock  upon  cion,  five  common  nursery-grown  trees  of  Rhode  Island 
Greening  and  five  trees  of  Newtown  Pippin  were  planted  in  the 
spring  of  1898,  also  ten  trees  of  Northern  Spy.  One  week  after 
planting,  these  Northern  Spy  trees  were  grafted  with  cions  from  the 
Rhode  Island  Greening  and  Newtown  Pippin.  It  is  difficult  to  make 
cions  live  in  a  newly  set  tree,  and  only  a  few  of  these  succeeded;  but 
the  trees  all  made  a  good  growth.  The  Newtown  Pippin  trees  had 
been  double-worked  in  the  nursery,  thus  interfering  in  part  with  the 
experiment.  The  following  spring  additional  cions  were  set  as 
needed.  In  all  cases  cions  were  taken  from  the  nursery  tree  directly 
opposite  the  Northern  Spy  tree  to  be  top-worked,  except  in  the  case 
of  a  few  cions  which  were  set  in  the  year  1900,  in  which  this  pre- 
caution was  overlooked.  The  trees  in  both  of  these  experiments 
were  growing  close  together,  adjacent  to  those  used  in  the  experiment 
having  to  do  with  methods  of  pruning  at  planting  time,  when  they 
were  grafted.  In  the  spring  of  1900  they  were  moved  to  permanent 
positions  in  orchard  land. 

Rhode  Island  Greening  tree  No.  1  and  Newtown  Pippin  tree  No. 
5,  as  bought  from  the  nursery,  died  and  were  replaced  by  other  trees 
ordered  from  the  nursery  in  the  spring  of  1902.     Newtown  Pippin 
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tree  No.  1  and  No.  5  also  had  to  be  replaced  in  1905;  consequently, 
as  at  present  growing,  these  trees  are  younger  than  the  others. 

In  working  among  the  trees  it  has  been  noticed  that  the  stock  has 
no  apparent  effect  in  retarding  leaf-growth.  The  Northern  Spy  is 
a  variety  which  puts  out  its  leaves  late,  but  the  Greening  and  New- 
town top-worked  on  the  Spy  appear  to  be  as  forward  as  those  bought 
from  the  nursery,  while  the  Spy  itself  is  considerably  behind  both  of 
the  others. 

Several  of  the  trees  top-worked  with  Rhode  Island  Greening  bore 
a  few  specimens  in  1905.  Only  one  of  the  Rhode  Island  Greening 
trees  as  ordered  from  the  nursery  and  planted  at  the  same  time  bore 
any  fruit;  that  had  a  single  apple.  In  the  case  of  the  top-worked 
tree  which  bore  most,  the  tree  opposite,  from  which  the  cions  came 
bore  no  fruit. 

In  1906  one  of  the  top-worked  Rhode  Island  Greening  trees  blos- 
somed full;  others,  both  top-worked  and  nursery  trees,  bore  only  a 
few  scattered  blossoms.  Only  one  tree  of  Newtown  Pippin  blos- 
somed to  any  extent;  this  was  one  which  was  planted  on  its  own 
roots.    Several  of  the  others  bore  a  few  scattered  blossoms. 

In  1907  the  Newtown  Pippin  trees  on  their  own  roots  have 
shown  as  much  bloom,  on  the  average,  as  those  top-worked.  One  of 
the  top-worked  Rhode  Island  Greening  trees  blossomed  very  full. 
One  on  its  own  roots  also  bloomed  well.  No  marked  difference  was 
observed  between  the  others,  but  apparently  the  top-worked  trees 
had  rather  more  bloom  than  the  others,  if  there  was  any  difference. 

So  far  as  these  trees  afford  evidence,  therefore,  the  indications  are 
that  top-working  does  not  retard  the  bearing  period,  but  rather 
appears  to  hasten  it.  The  Newtown  Pippin  trees  top-worked  on 
Spy  are  all  uniform  and  satisfactory  trees;  of  the  others,  two  have 
been  replaced  as  noted  above.  The  remainder  are  nearly  as  good 
trees  as  those  top-worked.  No  difference  in  habit  of  growth,  in 
either  variety  can  be  detected  between  those  top-worked  and  those 
as  purchased  from  the  nursery. 

Apple  Fertilizer, — In  1904  some  of  the  apple  trees  in  the  College 
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orchard  bore  undersized  fruit,  even  when  the  yield  was  light.  Only 
a  moderate  amount  of  fertilizer  has  been  used  in  this  orchard  from 
year  to  year,  the  rate  per  acre  having  been  approximately  the 
following: 

100  Ibe.  nitrate  soda 
100   "    dried  blood. 
100    ''    tankage. 
100    "    acid  phosphate. 
100    "    muriate  potash* 

It  was  therefore  thought  that  perhaps  the  trees  were  not  receiving 
enough  nitrogen;  accordingly  five  trees  of  different  varieties  were 
selected,  to  each  of  which  five  poimds  of  nitrate  of  soda  were  applied, 
in  addition  to  this  regular  fertilizer  formula.  This  was  repeated  in 
1906,  but  no  immediate  effect  could  be  noted  in  the  appearance  of 
the  trees  or  the  fruit  in  either  case.  Trees  were  not  available  to 
make  definite  comparisons  of  yields.  A  later  suggestion  which 
occurred  to  the  assistant  in  charge  was  that  this  small  fruit  in  1904 
might  have  been  due  to  the  action  of  plant-lice,  which  were  very 
abundant  that  season. 

Asters. — The  practice  of  sowing  asters  in  the  fall  is  sometimes 
recommended.  A  single  attempt  to  compare  fall-sown  with  spring- 
sown  seed  was  made  by  sowing  seed  of  a  number  of  varieties  in  the 
fall  of  1902  and  reserving  part  of  the  seed  for  sowing  the  following 
spring.  None  of  those  sown  in  the  fall  came  up  well  enough  to  per- 
mit making  a  comparison.  Those  sown  in  spring  also  made  a  poor 
growth,  doubtless  due  in  part  to  the  fact  that  the  seed  of  necessity 
was  then  old. 

Odd-Year  Baldwin. — ^The  Baldwin  apple  is  notably  a  biennial 
bearer,  yielding  heavy  crops  in  alternate  years  with  very  little  fruit 
the  other  seasons.  From  time  to  time  reports  are  seen  of  trees  or 
orchards  which  are  said  to  bear  in  the  off  year.  If  that  habit  could 
be  perpetuated  in  yoimg  trees  it  would  prove  of  decided  commercial 
benefit.  In  order  to  test  the  matter,  cions  were  received  from  several 
sources  in  the  spring  of  1902. 
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From  Edward  Van  Alstyne,  Kinderhook,  New  York,  cions  from 
trees  which  bore  in  1901  were  received,  and  others  from  trees  which 
should  bear  in  1902;  1901  was  the  odd  Baldwin  year.  Both  sorts 
of  cions  were  grafted  in  young  trees  in  the  orchard,  and  also  in  old 
bearing  trees. 

Cions  from  a  tree  said  to  bear  in  the  odd  year  were  also  received 
from  H.  R.  Marden,  Brookline,  Mass.  A  young  tree  was  grafted 
with  these,  and  some  were  also  set  in  a  bearing  tree. 

Still  other  cions  which  were  being  offered  as  an  odd-year  Baldwin 
were  received  from  J.  W.  Adams  &  Company,  Springfield,  Mass.,  a 
part  of  which  were  set  in  a  young  tree  and  part  in  a  bearing  tree  as 
with  the  others.  Of  those  set  in  bearing  trees,  one  stub  of  the  Marden 
cions  hung  full  of  fruit  in  1905;  but  this  had  been  injured  at  the 
union,  which  may  account  for  its  fruiting,  as  the  other  cion  bore  none. 
A  little  fruit  was  borne  by  the  Adams  cion.  One  in  the  same  tree, 
taken  from  a  Baldwin  tree  on  the  College  ground,  had  a  single  apple; 
the  other  from  this  source  bore  none.  None  of  the  Van.  Alstyne 
cions  of  either  sort  bore.  The  trees  in  which  all  of  these  cions  were 
set  are  Baldwins  and  were  bearing  a  good  crop. 

None  of  these  cions  bore  in  1906.  Those  set  in  young  trees  have 
not  yet  reached  bearing  age. 

Beans  J  Crossing. — Both  in  1905  and  1906  a  few  attempts  were 
made  to  cross  the  English  Broad  bean  (Vicia  {aha)  with  common 
garden  bush  beans,  in  order  to  determine  if  the  hardiness  of  the 
English  bean  may  be  incorporated  with  garden  varieties. 

Bean  flowers  are  difficult  to  manipulate,  and  the  attempt  in  both 
cases  met  with  failure. 

Blooming  Period. — Records  of  the  blooming  period  of  fruit  trees 
in  the  College  ordiard  for  the  years  1899, 1901, 1902,  and  1903  appear 
in  the  annual  report  for  the  year  1903.  Similar  records  have  been 
kept  since  for  at  least  a  portion  of  the  varieties. 

In  looking  these  over  it  appears  that  the  greatest  variation  in 
season  has  amounted  to  about  twelve  days,  the  year  1903  being  the 
earliest  season  and  1901  the  latest,  with  1899  nearly  as  late.    The 
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duration  of  blooming  period  is  usually  about  twelve  to  fifteen  days 
with  appleS;  cherries,  and  pears;  with  plums  it  is  slightly  less, 
usually  about  ten  days.  The  greatest  variation  in  different  varieties 
in  the  same  season  has  usually  been  about  eight  days  with  apples, 
though  in  extreme  cases  it  has  been  as  much  as  two  weeks.  This 
is  a  matter  of  considerable  importance  in  spraying  an  orchard  made 
up  of  many  varieties. 

The  following  table  will  show  when  the  leaf-buds  began  to  open 
and  the  date  of  bloom  of  a  few  leading  varieties  for  the  years  1904, 
1905,  and  1907.  Owing  to  the  failure  of  an  assistant  to  carry  out 
instructions,  records  are  not  available  for  1906: 
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Buffalo  Berry, — An  attempt  was  made  to  grow  the  Buffalo  berry 
of  the  western  plains  among  the  bush-fruits  in  the  College  garden. 
Although  the  plants  were  merely  heeled-in  in  the  nursery  the  first 
season,  nearly  all  of  them  lived  and  made  a  good  growth.  When 
transplanted  to  permanent  rows,  however,  they*  very  soon  disap- 
peared, showing  their  lack  of  adaptability  to  our  moist  eastern 
climate. 

Bush-Fruit  Selection. — From  time  to  time  promising  forms  of 
raspberry  and  blackberry  have  been  noted  and  attempts  made  to 
perpetuate  them,  thinking  that  thereby  an  improved  strain  might 
be  secured.  In  the  case  of  the  black  raspberry,  as  noted  in  Bulletin 
No.  91,  plants  which  bore  heavily  were  selected  for  the  same  purpose. 
All  of  these  attempts  have  yielded  unsatisfactory  results.  In  the 
case  of  the  red  raspberry  and  blackberry  the  first  difiiculty  comes 
in  securing  suckers  which  are  known  to  be  from  the  roots  of  the 
plant  chosen.  A  further  difficulty  arises  in  attempting  to  keep 
these  pure  unless  set  wholly  by  themselves  in  some  part  of  the  field, 
which  was  not  done  in  these  tests.  We  find  that  suckers  frequently 
spring  up  even  in  the  second  row  from  where  the  plants  are  grown, 
so  that  it  is  very  difficult  to  keep  varieties  distinct  under  any  ordi- 
nary conditions.  In  the  case  of  the  black  raspberries  the  trouble 
came  in  securing  young  plants.  It  is  not  easy  to  get  old  black-cap 
plants  to  root  at  the  tips,  and  not  enough  plants  were  secured  to 
carry  out  the  plan  of  selection. 

Our  trials  have  not  been  made  with  the  thoroughness  which  they 
deserve;  but  so  far  as  they  have  given  us  indications,  these  indica- 
tions have  not  been  very  promising  for  this  line  of  work,  either  with 
bush-fruits  or  with  strawberries. 

Cherry  Crosses. — Numerous  attempts  have  been  made  during 
different  years  to  secure  crosses  between  the  sweet  and  sour  cherry, 
in  the  hope  of  securing  the  qualities  of  the  sweet  cherry  with  a  tree 
better  adopted  to  our  conditions;  one  which  should  prove  hardier, 
longer  lived,  and  more  productive.  No  trees  have  been  seciu^  as  a 
result  of  this  work. 
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A  number  of  fruits  have  been  obtained  which  appeared  to  be 
normal,  and  others  in  which  the  outside  fruit  and  stone  were  de- 
veloped, but  with  the  cavity  within  the  stone  hollow  or  only  partially 
filled.  The  best  results  "have  been  obtained  by  crossing  blossoms  of 
the  sour  cherry  with  pollen  from  a  sweet  cherry;  in  fact,  all  the 
promising  seeds  have  been  produced  by  this  combination. 

In  1900  two  seeds  of  Montmorency  Empress  Eugenia  germinated. 
One  of  these  young  plants  was  unfortunately  broken  in  transferring 
it,  and  the  other  perished  after  being  planted  in  the  open  ground. 
No  immediate  influence  of  the  pollen  has  been  observed  in  any  of 
the  work. 

A  few  attempts  were  made  to  cross  the  Montmorency  sour  cherry 
with  the  sand  cherry.  In  nearly  all  cases  the  resulting  pits  had  no 
germ  inside,  though  in  one  case  a  seed  was  cut  open  enough  to  show 
that  the  cavity  was  apparently  filled  with  a  living  kernel,  but  no 
plant  was  obtained. 

Enough  has  been  done  to  show  that  it  is  possible  to  cross  these 
two  classes  of  cherries,  although  many  failures  are  likely  to  result 
in  the  attempt. 

Color  of  Fruit. — In  connection  with  the  influence  of  the  stock 
upon  the  cion  the  question  arises  whether  the  color  of  fruit  borne 
by  the  stock  may  have  any  influence  upon  the  color  of  fruit  borne  by 
the  cion.  To  throw  some  light  upon  this  question  cions  of  Primate 
apple  were  grafted  into  Early  Harvest  and  Red  June  trees  in  1900. 
Additional  cions  were  set  in  1901  and  1902.  In  so  far  as  possible 
these  were  given  approximately  similar  locations  in  each  tree,  and 
in  the  majority  of  cases  a  cion  was  divided,  placing  part  in  one  tree 
and  part  in  the  other.  All  of  the  cions  came  from  the  same  Primate 
tree. 

The  Primate  is  an  apple  which  normally  shows  a  faint  red  blush 
upon  its  cheek;  it  was  chosen  for  this  reason,  thinking  that  it  might 
possibly  show  the  influence  of  the  bright  red  color  of  the  Red  June 
and  the  absence  of  red  from  the  Early  Harvest,  if  any  such  influence 
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exists.  Thus  far  these  cions  have  not  borne  sufficient  fruit  to  answer 
the  question. 

Currant  Leaf-spot, — A  single  observation  upon  the  ability  of  the 
dififerent  varieties  of  currants  to  resist  the  fungous  diseases  which 
cause  the  premature  falling  of  the  leaves  is  of  interest.  The  obser- 
vation was  made  September  9,  1905.  The  Franco-German  currant 
was  then  holding  its  leaves  much  bett^*  than  the  others,  being  in  a 
very  fair  condition;  this  is  a  very  late  variety,  with  small  fruit. 
The  Pomona  and  White  Imperial  were  leafless  at  the  time.  The 
Perfection,  Comet,  and  Wilder  were  holding  their  leaves  moderately 
well.  On  a  single  plant  of  Filler  the  leaves  were  remaining  well,  but 
had  dropped  from  the  others. 

The  GoosebeiTies  were  all  nearly  leafless,  the  Pearl  holding  its 
leaves  better  than  the  others. 

The  Pomona  and  Franco-German  currants  were  side  by  side  and 
were  photographed. 

Huckleberries. — Various  experiments  in  attempting  to  propagate 
and  grow  the  common  blueberry  of  New  England  (Vacciniuin 
corynibosum)  have  been  recorded  in  the  annual  reports.  Recently 
no  definite  experiments  in  propagation  have  been  carried  on.  One 
row  of  plants  has  remained  growing  in  the  Station  grounds.  The 
greater  part  of  these  were  plants  transferred  directly  from  the 
fields;  others  have  been  propagated  in  various  ways.  A  number  of 
those  from  the  field  have  proved  to  be  the  form  which  bears  early, 
small,  black  fruit.  This  is  an  undesirable  type  or  species.  The 
typical  form  bears  large,  blue  berries,  somewhat  later  in  the  season. 
These  plants  were  somewhat  slow  in  gaining  a  foothold,  but  at  present 
appear  to  be  thoroughly  established  and  very  much  at  home,  making 
a  satisfactory  growth  in  every  way,  showing  that  under  our  soil  con- 
ditions there  is  no  difficulty  in  growing  this  plant  under  cultivation. 
The  land  has  been  constantly  cultivated  in  the  same  manner  as  that 
planted  with  other  bush-fruits,  a  cover-crop  usually  being  sowed  in 
midsummer.  So  far  as  one  can  judge  by  the  appearance  of  the  fruit, 
without  having  plants  of  the  same  parentage  growing  wild  with 
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which  to  compare,  there  has  been  no  increase  in  the  size  of  the  fruit 
under  cultivation,  nor  in  the  productiveness  of  the  plants.  This 
should  not  be  accepted  as  a  general  statement  that  no  such  improve- 
ment will  occur,  but  it  seems  to  have  been  the  case  with  these  plants. 
The  blueberry  is  such  a  desirable  fruit  that  it  ought  to  be  more 
generally  grown  about  the  home  grounds.  While  it  is  slow  in 
growth,  it  requires  little  care  and  may  well  repay  the  slight  attention 
demanded. 

Ilex  Crosses, — Two  beautiful  species  of  Ilex  are  common  in  the 
fields  of  New  England.  The  winter-berry.  Ilex  verticillcUaj  which 
holds  its  bright  red  fruit  well  into  the  winter,  and  Ilex  glabra,  which 
bears  black  fruit,  but  holds  its  leaves  bright  and  green  throughout 
the  winter.  If  the  red  fruit  of  the  one  could  be  as  abundantly  pro- 
duced among  the  green  foliage  of  the  other  as  it  normally  is  in  the 
leafless  species,  we  should  have  a  most  pleasing  ornamental  shrub. 
A  number  of  attempts  have  been  made  to  cross  the  two  species,  but 
in  every  case  without  result.  Mention  is  made  of  some  of  these 
attempts  in  the  annual  report  for  1903.  As  a  practical  means  of 
securing  much  the  same  effect  the  two  species  may  be  planted  to- 
gether in  such  close  contact  that  the  red  berries  are  intermingled 
with  the  green  leaves  and  an  excellent  result  obtained. 

Peach  Varieties. — Brief  notes  made  upon  a  few  varieties  of  peaches 
which  have  fruited  upon  the  College  grounds  may  be  of  interest. 
The  unusually  cold  winter  of  1893-4  killed  most  of  the  buds.  Many 
trees  bore  no  fruit  whatever,  and  most  of  the  others  only  a  very  few 
specimens.  • 

Rivers  (Early)  bore  a  fair  number  of  good-sized,  fine-flavored 
fruits,  juicy,  rather  pale  in  color,  with  very  little  rot.  This  is  a 
white-fleshed  peach,  which  is  considered  hardy  and  of  excellent 
quality,  though  rather  too  tender  to  ship  well. 

Bokara  No.  3  bore  no  fruit,  not  maintaining  its  reputation  for 
hardiness. 

Mountain  Rose.     One  tree  bore  a  fairly  good  crop,  the  others, 

10 
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scattering  fruits.  This  is  a  white  peach  of  good  color,  excellent 
quality,  and  fair  size. 

Fitzgerald  bore  a  few  fruits;  size  medium  or  below,  fragrant;  color, 
excellent.  Comparing  this  with  Elberta,  the  flesh  is  higher  colored, 
more  juicy  and  fragrant,  and  of  much  better  flavor.  The  pit  of 
Fitzgerald  is  very  small,  so  that  the  flesh  is  as  thick  as  on  Elberta, 
though  the  fruit  is  smaller.  The  quality  of  Fitzgerald  is  high,  but 
it  would  not  ship  as  well  as  Elberta. 

Oldmixon  bore  a  few  good  fruits.  This  is  a  white  peach  which 
usually  proves  reliable  here. 

Elberta  bore  a  few  fruits;  size  good,  color  deficient.  The  fruit 
was  blown  ofif  quite  badly  by  the  wind. 

Chili  (Hills)  bore  a  few  scattering  fruits. 

Champion  bore  a  few  fruits.  This  is  a  very  juicy,  white  peach  of 
excellent  quality. 

Dewey  bore  a  few  fruits  of  high  color  and  small  size,  ripening  early. 

Chairs,  Crawford  Late,  St.  John,  and  Stevens  bore  no  fruit,  or  not 
enough  to  afford  comparison. 

These  notes  are  given  in  detail  because  showing  something  of  the 
hardiness  of  the  different  varieties.  Notes  on  the  following  varieties 
were  made  in  1906. 

Waddell.  A  fine  looking,  high  colored  peach  of  medium  size,  just 
ripening  August  30.  Flesh  white  throughout  and  very  juicy;  flavor 
not  good,  in  fact,  deficient;  clings  to  the  stone  considerably;  stone 
of  light  color  and  medium  size.  A  very  attractive  peach,  apparently 
bearing  well  for  the  age  of  the  trees. 

0 

Yellow  St.  John.  Scarcely  ripe  at  the  middle  of  September,  but 
apparently  a  little  ahead  of  other  yellow  varieties;  size  good  and 
color  promising,  though  picked  a  little  green;  flesh  yellow,  juicy, 
but  apparently  fairly  firm;  flavor  and  quality  good;  bearing  only 
a  light  crop. 

The  location  chosen  for  the  new  greenhouse  has  unfortunately 
caused  the  sacrifice  of  the  greater  portion  of  our  peach  trees  just  as 
they  were  reaching  theb  best  bearing  age. 
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Treatment  Designed  to  Add  to  the  Durability  of  Posts, — In  the  annual 
report  for  1903  the  methods  of  treatment  applied  to  posts  in  the 
College  vineyard  are  recorded.  No  observations  upon  them  were 
made  until  the  autumn  of  1906.  It  is  still  too  soon  to  expect  any 
definite  results,  but  the  following  notes  may  be  of  interest.  The 
treatment  of  the  ends  set  in  the  ground  was  as  follows: 

Row  1.     Untreated. 

Row  2.  Charred;  the  end  of  the  post  set  in  the  ground  being  placed  over  a  fire 
until  thoroughly  black  and  somewhat  burnt. 

Row  3.     Painted  with  coal-tar. 

Row  4.     Painted  with  hot  pine-tar. 

Row  5.  Treated  with  lime,  by  placing  the  posts  in  a  hole  with  fresh  lime  in  the 
bottom  and  among  the  crevices  between  the  posts,  water  being 
added  to  slake  the  lime. 

Row  6.  Copperas  and  limewater.  The  posts  were  allowed  to  soak  over  night 
in  a  solution  of  cojfperas,  and  then  to  stand  some  time  in  lime- 
water. 

Row  7.     Carbolineum. 

Part  of  the  posts  in  each  row  were  set  with  the  bottom  end  down 
and  part  with  the  top  end  down.  Six  posts  in  each  row  were  ex- 
amined in  the  fall  of  1906.  Those  treated  with  carbolineum  then 
made  the  best  showing.  In  nearly  all  of  these  a  shell  of  the  outside 
surface  still  remained,  and  in  some  cases  this  appeared  to  be  quite 
firm.  Those  charred  and  the  ones  treated  with  coal-tar  appeared  to 
rank  next  in  their  condition  of  preservation,  there  being  little  to 
choose  between  them.  With  the  untreated  posts  all  of  the  last  year's 
growth  of  wood  had  decayed  away.  In  the  others  this  had  decayed, 
but  in  many  cases  more  or  less  of  a  shell  remained  on  the  outside. 
Very  little  difference  could  be  detected  between  those  treated  with 
pine-tar,  lime,  or  copperas  and  lime;  the  last  year's  growth  was 
decayed  in  all  of  these  cases,  and  usually  not  much  of  a  shell  was 
left. 

No  difference  could  be  detected  between  the  posts  set  with  the 
top  end  down  and  those  with  the  bottom  end  down.     Appearances 
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indicated  that  a  deeper  charring  would  have  been  the  most  promising 
method,  unless  it  were  the  treatment  with  carbolineum,  which  cer- 
tainly appeared  to  lead  at  the  time  the  examination  was  made. 

Methods  of  Tree  Planting. — In  the  spring  of  1898  ten  Northern 
Spy  apple  trees  were  planted  by  different  methods,  in  order  to  test 
the  influence  of  methods  of  pruning  at  planting  time  upon  the 
subsequent  growth.  The  results  apparent  at  the  time  were  given 
in  the  annual  report  for  1898.  Recently  this  strip  of  land  has  been 
in  use  by  the  poultry  department,  and  the  trees  have  had  no  atten- 
tion; but  their  appearance  at  the  present  time  is  of  interest. 

The  methods  of  pruning,  were  as  follows: 

1.  Trees  obtained  from  the  nursery  as  two-year  whips. 

2.  Two-year  branched  trees  trimmed  to  a  whip  when  set. 

3.  Two-year  trees  with  branches  cut  back  one-half,  the  leader 
being  left  untouched. 

4.  Two-year  trees  untrimmed. 

In  the  above  lots  the  roots  were  left  untrimmed  unless  injured 
or  decayed  at  the  end,  in  which  case  they  were  cut  back  to  sound 
wood. 

5.  Roots  untrimmed. 

6.  Roots  cut  back  half. 

7.  Roots  cut  back  by  the  Stringfellow  method,  leaving  only  a 
mere  stump. 

In  these  three  lots  the  branches  were  cut  back  about  one-half, 
leaving  the  leader  untouched. 

8.  Stringfellow  method,  the  roots  being  cut  back  to  a  mere  stump 
one  or  two  inches  long,  and  the  tops  cut  back  to  a  stub  about  one 
foot  long. 

At  the  present  time  the  trees  treated  by  the  Stringfellow  method 
are  excellent,  with  the  exception  of  one  or  two  which  stand  near  a 
pasture  fence  and  may  have  been  injured.  The  others  are  nearly 
as  tall  as  the  trees  which  were  trimmed  high  when  planted,  and  have 
a  good  development  of  branches,  though  apparently  not  greater  than 
that  shown  by  the  tops  of  some  of  the  trees  treated  in  other  ways. 
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Among  all  the  others  it  is  impossible  to  single  out  any  one  lot  as 
noticeably  different  from  the  rest,  except  the  limbed  trees  which  were 
trimmed  to  whips  when  set.  Three  of  these  are  good  trees,  fully  up 
to  the  average,  but  the  others  are  decidedly  poorer  than  those  treated 
in  other  ways.  The  tendency  has  been  to  develop  a  tall,  leggy 
growth,  with  small  tops. 

The  trees  which  were  not  trimmed  at  all  when  planted  are  excellent, 
as  are  also  those  which  had  the  roots  cut  away  with  the  branches  only 
shortened  about  one-half.  Some  of  these  are  among  the  best  trees 
in  the  whole  experiment. 

The  results  seem  to  indicate  now,  as  earlier,  that  in  the  moist 
Rhode  Island  climate  no  more  trimming  is  desirable  for  apple  trees 
at  planting  time  than  is  necessary  to  enable  the  tree  to  start  into 
growth  well,  and  under  favorable  conditions  that  means  very  little. 
The  plan  of  shortening  back  the  side  branches  somewhat  and  leaving 
the  roots  imtrimmed,  xmless  injxired,  appears  to  be  one  of  the  best. 

An  Experiment  in  Swedish  Turnip  Culture. 

The  following  experiment  with  Swedish  turnips  was  carried  out 
by  Harry  R.  Lewis,  a  student  in  the  senior  class  of  1907,  as  College 
work,  being  registered  under  course  No.  13  in  agriculture,  designated 
as  "Original  Investigation."  This  piece  of  work  was  well  done, 
and  gives  useful  suggestions  regarding  the  conditions  likely  to  pro- 
duce best  results  in  turnip  culture.  The  results,  as  reported  by  him, 
follow. 

The  Experiment. 

The  turnip,  being  one  of  our  staple  crops,  has  received  a  great  deal 
of  attention  as  to  cultural  methods,  fertilizers,  etc.  The  experi- 
ment stations  of  this  country  and  Europe  have  spent  much  time 
experimenting  with  it,  and  consequently  there  is  much  scientific  and 
popular  literature  on  the  subject.  In  all  this  work  no  reference  has 
been  found  to  the  variation  in  the  character  of  the  root  system. 
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Some  seasons  and  in  some  locations  the  root  will  be  perfect  in  shape, 
well  formed  and  full,  with  only  one  or  two  tap  roots,  and  free  from 
numerous  smaller  crooked  roots  which  injure  its  appearance,  also 
its  salability  and  keeping  qualities.  The  special  object  of  this  work 
has  been  to  determine,  if  possible,  the  effects  of  moisture,  fertil- 
izers, and  different  kinds  of  soil  on  variations  of  the  root  system. 
Also  the  effect  of  different  fertilizers  and  combinations  of  fertilizers 
upon  root  and  top  growth  have  been  noticed,  and  some  interesting 
results  have  been  obtained. 

The  variety  of  turnip  used  was  Budlong's  White  Rock.  The 
seeds  were  planted  in  a  cold-frame,  October  2;  they  germinated  Octo- 
ber 7,  with  an  excellent  per  cent,  of  germination.  No  manure  of 
any  kind  was  used  in  growing  the  seedlings.  On  the  night  of  Octo- 
ber 24  the  temperature  fell  so  low  that  the  leaves  were  frozen,  and 
icicles  hung  from  the  ends  where  they  had  transpired  during  the 
night.  They  were  given  plenty  of  air  and  allowed  to  thaw  out 
gradually,  and  no  damage  seemed  to  have  been  done. 

On  November  15  the  seedlings  were  transplanted  to  the  green- 
house. A  bed  was  used  which  was  18  inches  high  and  about  45  feet 
long.  It  was  half  filled  with  stones,  and  then  the  upper  half  divided 
into  36  separate  plats.  The  young  plants  stood  the  transplanting 
remarkably  well,  and  growth  started  uniformly.  Nine  plants  were 
set  in  each  plat,  about  8  inches  apart.  The  following  amount  of 
fertilizer  per  acre  was  applied  in  every  instance^  when  used : 

50  lbs.  actual  potash. 

50  lbs.  actual  nitrogen. 

75  lbs.  actual  phosphoric  acid. 

10  cords  stable  manure. 

1  ton  lime. 

1,000  lbs.  ashes. 

The  potash  was  applied  in  every  case  in  muriate  of  potash,  the 
phosphoric  acid  was  applied  in  acid  phosphate,  while  the  nitrogen 
was  applied  in  various  materials. 
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The  soils  used  in  the  experiment  were  as  follows: 

1.  Sandy.  This  was  made  by  mixing  clean  sand  with  garden  soil 
in  equal  proportions. 

2.  Garden  soil.  This  was  simply  soil  taken  from  the  College 
garden. 

3.  Humus.  This  was  really  leaf-mold  obtained  from  a  forest, 
and  was  consequently  decidedly  acid. 

4.  Silt  loam  sub-soil.  This  was  a  sub-soil  of  fine  texture  ap- 
proaching clay,  though  it  was  a  silt  loam. 

The  plants  grew  remarkably  well  imtil  December  3,when  white  spots 
were  noticed  on  many  of  the  leaves.  Upon  microscopic  examination 
it  was  found  to  be  a  downy  mildew,  known  as  Peronospora  paraaUica. 
This  is  a  mildew  which  is  found  quite  extensively  in  Great  Britain 
and  the  United  States.  It  produces  a  greater  or  less  deformation 
of  the  attacked  stems  and  leaves  of  many  wild  and  cultivated  Cm- 
dferce.  Among  the  cultivated  plants  most  liable  to  injury  are  the 
turnip,  cabbage,  radish,  rape,  and  cress.  This  fungus  winters  in 
the  soil  and  in  the  old  dried  leaves  of  affected  plants.  Damp  weather 
is  especially  favorable  to  its  rapid  growth.  It  was  first  noticed  on 
December  3,  and  by  December  7  about  25  to  30  per  cent,  of  the  plants 
were  affected  to  a  greater  or  less  extent.  Spraying  with  Bordeaux 
mixture  was  attempted,  but  owing  to  the  peculiar  smoothness  of 
the  leaves  the  solution  failed  to  adhere  to  them.  With  the  coming 
of  bright  sunny  weather  on  December  11  the  disease  received  a  de- 
cided check,  and  from  that  time  on  caused  no  serious  trouble.  As 
the  plants  increased  in  size  and  age  it  gradually  disappeared.  Fig. 
7  shows  the  appearance  of  the  fungus  on  the  leaves  when  it  was  at 
its  height.    A  badly  affected  plant  receives  a  serious  setback. 

During  the  period  of  growth  quite  a  variation  was  noted  in  the 
development  of  tops.  A  few  of  the  most  marked  differences  only 
can  be  mentioned  here.  On  January  9,  1907,  the  following  re- 
sults were  noted:  The  tops  on  plats  1  and  2*  were  about  even,  but 
showed  a  marked  advance  over  those  on  Nos.  3  and  4.     Upon  plats 

*  See  following  page  for  explanation  of  plate  used. 
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5,  6,  7,  and  8,  in  every  case,  excepting  the  humous  soil  (plat  7),  lime 
seemed  to  be  detrimental  rather  than  helpful.  The  advantage  of 
plat  7  over  plat  3  was  slight,  but  yet  enough  to  warrant  the  appli- 
cation of  lime  to  this  humous  soil. 

The  section  where  phosphoric  acid  and  potash  were  used  was  far 
ahead  of  the  one  where  nitrogen  and  potash  were  applied.  In 
sections  5,.  6,  and  7  no  decided  diflFerence  was  noticed,  showing  that 
as  far  as  the  tops  were  concerned  it  was  immaterial  whether  the 
nitrogen  was  applied  in  dried  blood,  nitrate  of  soda,  or  ammonium 
sulfate  (the  same  thing  as  sulfate  of  ammonia).  In  section  9,  where 
ashes  were  used,  there  was  not  found  as  good  a  growth  of  tops  as 
in  section  8,  where  stable  manure  was  used. 

Plats  29,  30,  31,  and  32  were  ahead  of  plats  17,  18,  19,  and  20. 
This  would  tend  to  show  that  the  lime  was  beneficial  when  used  in 
connection  with  the  chemical  manures.  Section  11,  which  was 
treated  exactly  like  section  10,  except  for  being  kept  very  moist, 
was  a  little  ahead  in  growth  of  tops. 

On  April  4,  5,  and  6  the  different  plats  were  harvested,  the  top8 
and  bottoms  were  weighed,  and  any  noticeable  differences  in  growth 
were  photographed. 

The  table  of  weights  is  given  below: 


put  No.        Kind  of  soil. 

1 Sandy  Soil. 

2 Garden  Soil. 

3 Humus  Soil. 

4 Silt  Loam  Subsoil. 

5 Sandy  Soil. 

6 Garden  Soil. 

7 Humus  Soil. 

8 SUt  Loam  Subsoil. 


Section  L 

Blanures. 

Weicfatof 

roots. 

Pounds. 

Wdchtof 

tops. 
Pounds. 

[      2.38 

1:.67 

Untreated. 

J      3.00 
]      1.88 

2.03 
1.02 

(     2.11 

1.92 

Section  IL 

(     1.94 

1.34 

Lime. 

J      2.00 
1      2.55 

1.88 
1.59 

(      2.23 

2.38 
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Flat  No.       mad  of  soil. 

9 Sandy  Soil. 

10. Garden  Soil. 

11 HumuB  Soil. 

12 Silt  Loam  Subsoil. 

13 Sandy  Soil. 

14 Garden  Soil. 

15 Humus  Soil 

16 Silt  Loam  Subsoil. 

17 Sandy  Soil. 

18 Garden  Soil. 

19. Humus  SoiL 

20 Silt  Loam  Subsoil. 

21 Garden  Soil. 

22 Humus  Soil. 

23 Garden  Soil. 

24 Humus  Soil. 

25 Garden  Soil. 

26 Humus  Soil. 

27 Garden  Soil. 

28 Humus  Soil. 

11 


Section  III. 

Manures. 

Wei^tof 

roots. 
Pounds. 

Weight  of 

tops. 

Pounds. 

I      1.73 

1.95 

Nitrate  of  Soda. 

3.16 

3.50 

Muriate  of  Potash. 

3.14 

3.61 

1.75 

2.13 

Section  IV. 

2.63 

2.63 

Acid  Phosphate. 

3.33 

3.48 

Muriate  of  Potash. 

2.55 

2.42 

(     3.53 

3.42 

Section  V. 

Nitrate  of  Soda. 
Miuriate  of  Potash. 

1      2.97 
2.34 
2.61 

(     2.47 

3.39 
3.73 
3.52 
2.73 

Acid  Phosphate. 

Section  VI. 

Dried  Blood. 

Muriate  of  Potash. 

Add  Phosphate. 

Section  VII. 

Sulfate  of  Ammonia. 

Muriate  of  Potash. 

Acid  Phosphate. 

Section  VIII. 
Stable  Manure. 

Section  IX. 
Ashes. 


3.08 
3.67 

3.54 
1.20 


3.92 
1.28 


2.73 
0.98 


3.92 
2.00 

4.22 
1.91 


5.32 
5.36 


4.30 
2.06 
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Section  X. 


PUt  No.        Kind  of  soil.  Hanuras. 

29 Sandy  Soil.  ]       Nitrate  of  Soda. 

30 Garden  Soil.  (  Muriate  of  Potaah. 

31 HumuB  Soil.  f  Acid  Phosphate. 

32 Silt  Loam  Subsoil.  ;  Lime.  (      2.25  6.72 


roots. 
Pounds. 

Weiditof 

topft. 
Pounds. 

2.95 

4.95 

3.02 

5.30 

2.52 

4.50 

Sbctign  XL — Kept  very  wet. 


33 Sandy  Soil.  ]  Nitrate  of  Soda. 

34 Garden  Soil.  (^  Muriate  of  Potash. 

35 Humus  Soil.  1  Acid  Phosphate. 

36 Silt  Loam  Subsoil.  )  Lime. 


2.75 

5.45 

2.52 

7.19 

3.13 

5.81 

3.77 

4.84 

The  first  thing  of  interest  is  the  variation  between  the  four  plats 
of  section  L  This  being  the  check  plat,  no  fertilizers  of  any 
kind  were  added  to  the  original  soil.  The  garden  soil  produced  the 
best  results  both  in  weight  of  roots  and  tops.     Figs.  8,  9,  10,  and 

11  show  the  characteristic  growth  in  the  four  soils.  The  turnips 
grown  in  humus  soil  were  far  inferior  to  the  others,  especially  in 
weight  of  roots. 

The  next  variation  of  especial  interest  is  the  increased  yield  in  plat 
7  over  that  In  plat  3.  Both  plats  had  a  humous  soil,  but  to  that  in 
plat  7  lime  had  been  added  at  the  rate  of  1  ton  per  acre.     Fig.  No. 

12  shows  the  marked  increase  in  size  of  roots  due  to  this  appli- 
cation of  lime.    The  gain  amounted  to  nearly  50  per  cent. 

Potash  did  not  seem  to  give  much  increase  in  yield  over  phos- 
phoric acid;  but  it  was  noticed  that  in  section  4,  where  phosphoric 
acid  and  potash  were  used,  the  plants  tended  toward  seed  produc- 
tion much  sooner,  and  to  a  greater  extent,  than  in  section  3,  where 
nitrogen  and  potash  were  used. 

It  is  interesting  to  note  the  effect  of  the  source  of  the  nitrogen 
upon  the  root  growth  (see  Fig.  13).  Below  are  given  the  weights 
of  the  roots: 
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Weight  of  root*. 
Flat  No.  Hanures.  Pounds. 

18.     Nittate  of  soda 2.33 

21.     Dried  blood 3.08 

23.     Sulfate  of  ammonia 3 .  55 

In  the  above  plats  garden  soil  was  used,  and  the  results  are  greatly 
in  favor  of  ammonium  sulfate  as  a  source  of  nitrogen.  The  nitrate 
of  soda  is  very  soluble  and  quickly  available,  and  some  of  it  may 
have  been  washed  away  and  wasted  before  it  could  be  taken  up  by 
the  plant,  or  it  may  have  undergone  denitrification  and  the  nitrogen 
may  have  been  partly  driven  into  the  air  as  gas.  Fig.  14  shows 
the  increased  yield  of  roots  when  garden  soil  was  used  in  compari- 
son with  humous  soil.  Both  soils  were  treated  with  stable  manure 
at  the  rate  of  10  cords  per  acre: 

Pooikb. 

Yield  in  garden  soil Z.92 

Yield  in  humus  soil 1 .28 

The  increased  yield  due  to  the  use  of  stable  manure  as  compared 
with  ashes  was  very  marked,  and  is  illustrated  in  Fig.  15: 

Pounds. 

Yield  with  stable  manure.. .  •   3 . 92 

Yield  with  ashes 2.73 

As  has  been  said  before,  the  main  object  of  the  experiment  was 
to  determine,  if  possible,  the  effect  of  moisture  on  the  root  growth. 
Sections  10  and  11  were  treated  especially  with  that  point  in  view. 
Each  one  received  the  same  application  of  chemical  manures,  with 
lime.  Section  11  was  kept  quite  wet,  while  section  10  received 
normal  waterings.  The  results  were  distinct  and  quite  uniform  in 
all  four  soils.  It  was  found  that  in  the  wet  soil  the  fine  roots  were 
more  numerous  and  that  they  covered  over  two-thirds  of  the  area 
of  the  turnip,  coming  nearer  the  surface.  The  larger  tap-roots  were 
also  more  numerous  and  shorter,  and  instead  of  coming  from  the 
bottom,  or  near  the  bottom,  of  the  turnip,  they  also  grew  from  the 
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dde.  This  necessitated  a  large  amount  of  trimming,  which  greatly 
injures  the  market  value  and  the  keeping  qualities  of  the  product. 
It  was  also  found  that  those  turnips  grown  on  the  wet  soil  were  more 
scabby  than  the  others,  some  being  so  badly  scabbed  as  to  be  useless 
for  market  purposes.  On  the  other  hand  the  turnips  grown  under 
normal  moisture  conditions  were  smooth,  and  comparatively  free 
from  scab.  These  had  less  small  roots  and  the  large  ones  came 
from  nearer  the  bottom,  thus  leaving  a  greater  area  of  sound  per- 
fect root  after  trinmiing.  From  these  results  we  see  that  the 
turnip  does  best  on  a  moderately  dry  soil.  Figs.  16  and  17  show 
this  variation  in  roots  due  to  excess  of  moisture.  Those  on  the  right 
were  grown  on  very  wet  soil,  and  those  on  the  left  on  normal  soil. 
The  following  summary  shows  the  most  important  facts  learned: 

1.  The  turnip  grows  best  on  a  garden  soil  which  is  sandy  rather 
than  silty  or  clayey. 

2.  Lime  was  not  beneficial  in  this  particular  instance  when 
applied  alone  except  on  the  humous  soil.  Lime  is  nevertheless 
helpful  on  many  ordinary  soils,  at  least  imder  field  conditions;  yet 
it  should  only  rarely  be  used  without  other  manures. 

3.  The  application  of  chemical  manures  increased  the  growth 
of  the  tops  more  than  the  growth  of  the  roots. 

4.  Potash  was  the  manurial  ingredient  which  was  the  most  ad- 
vantageous, and  when  combined  with  phosphoric  acid  better  yields 
resulted  than  with  any  other  combination  of  chemical  manures. 

6.  Nitrogen  was  apparently  not  needed  to  any  great  extent.  A 
slight  increase  in  yield  was  noticed  when  it  was  applied  in  sulfate 
of  ammonia,  but  when  applied  in  nitrate  of  soda  or  dried  blood  no 
beneficial  results  were  obtained. 

6.  Stable  manure  gave  an  excellent  3rield,  both  in  tops  and  bot- 
toms; but  scab  was  more  prevalent  than  where  chemical  fertilizers 
were  used. 

7.  Ashes  showed  no  increase  in  root  growth  over  the  check  plat, 
but  they  increased  the  growth  of  tops  about  50  per  cent. 
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8.  Turnips  did  better  on  a  moderately  dry  soil  than  on  a  very 
wet  one. 

9.  Lime  was  beneficial  when  applied  with  the  chemical  manures. 

Winter  Temperatures. 

The  efifect  of  altitude  and  consequent  air  drainage  upon  tempera- 
ture is  often  an  important  matter  in  fruit  growing  or  in  the  growing 
of  tender  ornamental  plants.  In  order  to  observe  how  great  the 
dififerences  are  under  different  conditions,  Mr.  A.  E.  Wilkinson,  a 
senior  student  in  1906,  was  asked  to  make  records  of  the  tempera- 
tures at  different  places  for  a  period  of  time  during  the  coldest 
weather  of  winter.  The  records  began  January  17  and  closed  March 
21, 1905.  Six  minimum  recording  thermometers  were  numbered  and 
placed  as  follows: 

No.  1,  on  the  rail  at  the  top  of  the  windmill.  This  windmill  stands 
on  nearly  the  highest  ground  of  the  College  farm.  The  thermome- 
ter at  the  top  of  it  was  therefore  higher  and  much  more  exposed 
than  any  of  the  others.  At  times  the  jar  of  the  windmill  caused  the 
indicator  in  this  thermometer  to  drop  so  that  readings  could  not  be 
taken.    This  will  explain  the  blanks  seen  in  that  column. 

No.  2  was  placed  on  a  peach  tree  in  the  College  orchard.  This 
tree  was  located  north  of  the  road  leading  to  the  mechanical  build- 
ing, and  represents  land  well  toward  the  top  of  the  slope. 

No.  3  was  placed  on  an  oak  tree  west  of  the  gunpowder  house. 
This  was  slightly  lower  than  the  one  on  the  peach  tree,  and  it  was 
somewhat  protected  from  cold  winds  by  woodland  on  the  north. 

No.  4  was  placed  on  a  telephone  pole  south  of  the  pump-house  on 
the  plains.    This  represents  the  average  altitude  of  the  plain  land. 

No.  6  was  placed  on  an  old  building  which  stood  temporarily 
southeast  of  the  football  field.  This  was  still  lower  than  No.  4,. 
being  in  the  lowest  part  of  the  valley. 

No.  6  was  placed  on  the  beehouse  near  the  stone  quarry.    Thia 
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location  is  closely  surrounded  by  a  planting  of  pine  trees,  and  is 
therefore  well  protected  from  the  wind. 

In  all  cases  the  thermometers  were  placed  on  the  north  side  of 
the  object  to  which  they  were  attached. 

The  following  record  shows  the  minimum  temperature  for  each 
twenty-four  hours,  and  also  the  temperature  at  10:30  A.  M.  and  4:30 
P.  M.  each  day: 
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REPORT  OF  THE  DIVISION  OF  ANIMAL  BREED- 
ING AND  PATHOLOGY. 


LEON  J.   COLE. 


The  Division  of  Animal  Breeding  and  Pathology  was  created  to 
continue  the  work  which  previously  had  been  carried  on  by  Doctor 
Curtice  upon  the  disease  commonly  known  as  "  blackhead ''  in  turkeys, 
and,  in  addition  to  undertake  certain  other  investigations,  mainly 
along  the  line  of  breeding,  as  the  name  of  the  division  indicates. 
For  the  time,  however,  it  has  seemed  advisable  to  devote  most  of  the 
energies  of  the  division  to  the  study  of  the  disease  mentioned,  to- 
gether with  such  subsidiary  work  in  breeding  as  had  a  bearing  upon 
the  same  problem.  The  pathological  side  of  the  question  has  in- 
volved a  study  of  the  lesions,  or  morbid  anatomical  changes,  pro- 
duced by  the  "blackhead''  organism,  an  attempt  to  follow  the  life- 
cycle  of  this  organism,  and  to  determine  the  means  by  which  it  may 
be  transmitted,  as  well  as  a  search  for  means  for  its  prevention  or 
cure.  The  work  in  breeding,  as  related  to  the  study  of  this  disease, 
•consists  in  an  attempt  to  obtain  a  strain  of  turkeys  which  shall  be 
highly  resistant  or  immime  to  its  ravages.  In  this  connection  have 
to  be  considered  the  possibility  of  obtaining  such  a  strain  by  the 
continued  selection  of  birds  which  evince  a  greater  degree  of  resis- 
tance, by  the  preserving  and  perpetuating  of  such  individuals  as  may 
show  a  marked  natiu'al  immimity,  or  by  the  introduction  and  in- 
fusion of  wild  blood,  in  this  way  possibly  increasing  the  vitality  and 
resistance  of  the  race. 

An  endeavor  was  made  at  the  beginning  of  the  year  to  segregate. 
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more  than  they  had  previously  been,  the  buildings  and  other  prop- 
erty of  the  College  and  Experiment  Station  poultry  plants.  Such  a 
division  seemed  desirable  because  of  the  different  functions  of  the 
two  departments,  and  of  the  distinct  lines  of  work  which  they  were 
carrying  on,  the  one  mostly  instructional,  the  other  experimental. 
As  a  result,  an  agreement  was  reached  by  which  there  was  set  aside 
for  the  Experiment  Station  a  definite  tract  of  land  upon  which  its 
buildings  and  yards,  should  be  located.  All  buildings  belonging  to 
the  College  poultry  plant,  which  chanced  to  be  on  this  area,  were 
either  acquired  by  exchange  or  were  removed.  In  addition  to  the 
buildings  which  were  on  the  grounds  as  a  result  of  these  transactions, 
a  well-built  house  which  had  formerly  served  as  an  apiary  was  moved 
up  from  the  woods  on  the  hillside  and  converted  into  a  storage  house 
for  grain.  On  account  of  its  good  construction  it  was  admirably 
adapted  to  this  pm^pose.  Another  larger  building  belonging  to  the 
Experiment  Station,  which  was,  however,  in  such  bad  condition  that 
it  was  with  difficulty  held  together,  was  moved  up  from  the  plains. 
This  was  repaired  at  comparatively  little  expense,  and  made  into  a 
good  building  for  general  storage  purposes.  The  accompanying 
plan  shows  the  location  and  arrangement  of  the  buildings  and  yards, 
as  they  are  on  July  1,  1907. 

In  conducting  experiments  in  breeding  it  is  necessary  that  the 
pedigree  of  any  individual  should  be  acciu'ately  known  and  readily  ac- 
cessible.  As  fowls  are  ordinarily  mated  in  pens,  one  male  to  a  num- 
ber of  females,  this  is  not  the  case  imless  the  females  are  trapnested. 
So  far  as  could  be  learned,  this  method  had  never  been  attempted 
with  tiu-keys,  and  persons  familiar  with  the  methods  of  turkey- 
growing,  who  were  consulted,  were  of  the  opinion  that  the  trapnest 
could  not  be  used  successfully  with  these  birds.  The  plan  was- 
accordingly  adopted  of  dividing  the  yards  by  temporary  fencing  into 
a  number  (usually  five)  of  smaller  pens  rimning  lengthwise  of  the 
larger  yard.  They  were  stopped  short  of  the  front  fence  of  the  yard,- 
however,  so  that  a  cross  partition  here  made  a  pen  across  the  front 
of  the  yard,  from  which  all  the  other  small  pens  could  be  entered- 
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This  arrangement  will  be  readily  understood  by  consulting  the  plan 
referred  to  above.  During  the  breeding  season  a  hen  tiu-key  could 
now  be  put  into  each  of  the  longitudinal  pens,  while  the  torn  which 
it  was  desired  to  mate  to  them,  could  be  kept  in  the  pen  running 
along  the  front,  and  could  be  turned  in  successively  with  the  different 
hens. 

The  above  method  of  keeping  the  matings  straight  was  adopted  in 
most  cases,  but  in  three  yards  it  was  decided  not  to  make  the  sub- 
divisions, but  to  allow  the  hens  to  run  together  and  to  attempt  to 
identify  the  eggs  by  trapnesting  the  laying  hens.  Three  trapnests 
were  accordingly  constructed,  slight  modifications  of  the  same  prin- 
ciples ordinarily  used  in  the  trapnests  for  fowls  being  employed. 
They  were,  of  course,  considerably  larger  than  those  used  for  fowls, 
but  in  other  respects  were  much  the  same.  One  of  these  was  placed 
in  each  of  the  yards  mentioned.  They  were  used  throughout  the 
laying  period  with  complete  success,  the  tm^key  hens  taking  to  them 
with  great  readiness.  It  should  be  mentioned,  however,  that  the 
hens  in  these  yards  were  thoroughly  domesticated,  gentle  birds, 
accustomed  to  confinement  in  yards.  No  attempt  was  made  to 
trapnest  the  wild  or  half-wild  birds,  though  it  seems  not  unlikely 
that  imder  favorable  conditions  the  method  might  be  employed  with 
them  as  well.  In  the  opinion  of  some,  trapnesting  turkeys  would 
make  them  become  broody  earlier  than  would  otherwise  be  the  case, 
but  no  indication  of  such  a  result  was  seen  in  the  experiments  tried. 

Of  equal  importance  with  keeping  the  matings  straight  is  the 
keeping  of  the  records  of  such  matings.  It  is  necessary  not  only 
that  these  records  should  contain  all  the  essential  data,  but  that  they 
should  be  as  simple  as  consistent  with  the  end  in  view,  should  be 
readily  intelligible  to  anyone  who  might  have  occasion  to  use  them, 
and  should  be  so  arranged  that  the  desired  information  may  be 
obtained  from  them  with  a  minimum  of  labor.  A  modification  of 
the  card  system,  specially  adapted  to  the  needs  of  the  occasion,  was 
finally  devised  and  adopted.  By  this  system  the  records  of  both 
the  breeding  and  pathological  work  are  kept  in  compact  form. 
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while  incidentally  much  important  data  on  other  questions  is  being 
accumulated.  Furthermore,  records  are  kept  of  all  matings,  as 
well  as  of  all  eggs  laid  and  the  disposition  made  of  them — whether 
they  are  incubated  naturally  or  in  an  incubator,  or  by  both  methods; 
not  only  how  many,  but  what  ones  are  fertile,  infertile,  or  die  during 
incubation;  and,  finally,  what  ones  hatch.  At  the  time  of  removing 
the  young  tiu'keys  from  the  incubator,  each  one  receives  a  numbered 
leg-band,  and  records  of  its  later  history  are  kept  upon  cards  corre- 
spondingly numbered.  These  cards  give  all  the  essential  data,  such 
as  its  parentage,  breed,  sex,  coloration,  etc.,  which  are  of  importance 
in  the  breeding  work;  and,  in  addition,  there  is  kept  upon  them  a 
record  of  the  individual's  history  in  relation  to  disease,  especially 
''blackhead,''  its  weight  at  various  times,  and  similar  information. 
This  record  continues  throughout  its  life,  noting  all  the  matings  made 
with  the  bird,  and  finally,  its  death,  together  with  the  findings  of 
the  post  mortem  examination. 

This  system,  which  combines  many  of  the  features  used  by  others 
in  similar  lines  of  work,  has  not  yet  been  in  use  long  enough  to  have 
been  perfected  in  all  its  details,  so  that  a  full  description  of  it  at  this 
time  does  not  seem  advisable.  It  has,  however,  given  such  satis- 
faction for  the  period  that  it  has  been  in  use,  that  it  may  seem  desira- 
ble at  some  future  date  to  present  a  complete  and  detailed  account 
of  the  methods  for  the  benefit  of  other  workers. 

In  addition  to  the  plans  for  work  in  breeding  already  mentioned 
above,  which  were  to  attempt  by  this  means  to  seciu-e  a  breed  of 
tiu'keys  immune  or  highly  resistant  to  the  "blackhead"  disease, 
experiments  are  also  being  conducted  which  bear  upon  problems 
of  a  broader  nature.  It  would  seem  that  the  greatest  advance  in 
practical  breeding  is  to  be  made  by  gaining  knowledge  as  to  the 
fundamental  principles  of  inheritance,  which  must  be  the  basis  un- 
derlying all  scientific  work  in  the  breeding  of  animals  and  plants. 
The  empirical  methods  which  have  been  in  use  by  breeders  for 
hundreds  of  years  have  apparently  reached  their  limits,  as  far  as  any 
real  advance  is  concerned.    A  more  complete  knowledge  of  the 
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principles  of  inheritance  may  or  may  not  permit  us  to  accomplish 
results  which  we  have  heretofore  been  unable  to  obtain,  but  certain 
it  is  that  it  will  furnish  us  short  cuts  and  certain  paths  to  the  goal 
which  has  formeily  been  reached  only  by  long  and  laborious,  and 
usually  most  uncertain,  efforts.  It  is  apparently  only  by  the  study 
of  averages  obtained  from  large  amounts  of  data  that  these  general 
conclusions  are  to  be  reached,  a  method  which  was  first  fully  appre- 
ciated by  Gregor  Mendel,  whose  work  laid  the  foundations  of  what 
are  now  generally  spoken  of  as  the  Mendelian  Laws  of  Inheritance. 
The  essential  feature  of  these  laws,  and  those  which  have  grown  out 
of  them,  is  that  they  are  established  on  a  mathematical  basis.  In 
collecting  data  for  the  establishment  of  such  laws  it  is  necessary  that 
large  numbers  be  dealt  with,  and  that  the  records  of  all  the  off-spring 
be  taken  into  account.  Now,  from  what  has  gone  before,  it  will 
readily  be  seen  that  turkeys  under  present  conditions,  do  not  furnish 
the  most  favorable  material  for  the  gathering  of  this  kind  of  data, 
for  the  reason  that  such  a  large  proportion  of  the  off-spring  die 
before  reaching  an  age  at  which  they  develop  the  characters  that 
are  being  studied.  It  is  hoped,  however,  that  by  the  keeping-  of 
careful  records,  much  may  be  learned  of  the  inheritance  of  some  of 
the  more  prominent  characters,  such  as  those,  for  example,  that 
distinguish  the  different  breeds. 

In  the  furtherance  of  this  work,  and  for  the  purposes  of  demonstra- 
tion, an  attempt  has  been  made  to  have  at  the  Station  a  few  good 
representatives  of  each  of  the  recognized  breeds  of  turkeys.  Owing 
to  the  limits  in  price  which  it  seemed  advisable  to  pay,  and  to  the 
devastations  by  "blackhead,"  there  are,  however,  some  gaps  still 
to  be  filled. 

On  account  of  the  difficulties  of  obtaining  all  the  desired  data  with 
turkeys,  it  was  decided  advisable  to  do  some  supplemental  work 
along  this  line  upon  other  birds.  For  this  pigeons  were  chosen, 
because  of  the  frequency  with  which  they  produce  young,  their 
comparative  inexpensiveness  and  ease  of  management,  and  because 
it  was  believed  that  results  obtained  upon  these  birds  might  be 
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applied  to  poultry  in  general.  At  present  a  study  is  being  made 
principally  of  the  inheritance  of  colors  in  the  pigeons,  and  for  this 
purpose  birds  all  of  one  breed  were  chosen.  The  requirements 
seemed  to  be  met  best  by  the  Tumblers,  birds  of  good  coIot  being 
readily  obtainable  in  this  breed. 

With  regard  to  the  progress  in  the  study  of  "blackhead"  durmg 
the  year,  it  must  be  remembered  that  the  experimental  work  upon 
this  disease  can  be.  carried  on  to  advantage  only  during  the  season 
when  there  are  young  turkeys  for  use  in  the  experiments.  Most  of 
the  work  during  the  year  was,  therefore,  preparatory  to  this  summer's 
investigations.  Up  to  the  close  of  the  year  a  large  number  of  poults 
had  been  hatched,  but  only  one,  which  was  exposed  before  the 
others,  had  died  of  "blackhead." 

Nearly  all  of  the  young  turkeys  hatched  in  1906  had  been  placed 
by  Doctor  Curtice  in  pens  a  half-mile  or  so  from  the  poultry  plant, 
upon  land  known  as  "the  plains."  This  was  for  the  purpose  of 
raising  them  upon  ground  where  there  >yas  less  danger  of  infection 
with  "blackhead"  than  in  the  regular  yards,  and  the  attempt  to 
raise  the  birds  in  this  way  was  in  such  large  measure  successful,  that 
in  the  fall  there  was  a  fine  flock  of  young  stock  at  the  plains.  Some 
of  this  was  marketed,  and  thirty  birds  were  turned  over  to  the 
Division  of  Animal  Feeding  for  experimental  purposes.  It  then 
became  a  problem  whether  to  bring  the  remainder  of  the  birds, 
which  was  desired  as  breeding  stock  for  the  coming  year,  to  the 
central  plant,  and  risk  exposing  them  to  infection  there,  or  whether 
to  leave  them  at  the  plains.  As  the  latter  course  would  have  in- 
volved considerable  expense  and  no  small  amount  of  labor,  and  as 
the  birds  would  have  to  be  brought  up  to  the  breeding  pens  at  the 
central  plant  in  any  case  in  the  spring,  it  was  finally  decided  not  to 
wait.  This  stock  was  accordingly  transferred  on  December  5.  As 
was  to  be  expected,  the  "blackhead"  soon  began  its  ravages,  and 
many  of  the  young  birds  died  of  this  disease,  which  continued  en- 
demic throughout  the  winter.  The  data  from  these  birds,  together 
with  other  facts,  go  to  show  that  whereas  the  percentage  of  loss  is 
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probably  not  quite  so  great  in  turkeys  which  are  not  exposed  to  the 
disease  until  they  are  several  months  old  as  it  is  when  they  are  ex- 
posed immediately  or  soon  after  hatching,  nevertheless,  they  can  not 
be  said  to  become  immime  to  the  disease  at  any  age.  The  lower 
percentage  of  deaths  may,  perhaps,  be  credited  to  a  greater  vitality 
and  a  correspondingly  greater  resistance  to  the  "  blackhead  "  organism 
in  the  older  birds. 

It  may  be  stated  at  this  time,  as  a  point  in  favor  of  the  theory 
upheld  by  Doctor  Curtice  that  the  domestic  fowl  is  largely  instru- 
mental in  the  maintenance  and  dispersal  of  "blackhead,"  that  there 
have  been  examined  by  this  division  during  the  past  spring  a  number 
of  chickens  which,  to  all  appearances,  have  died  of  this  disease. 
Much  evidence  is  accumulating,  in  fact,  which  would  seem  to  in- 
dicate that  the  malady  is  much  more  widespread  than  is  commonly 
supposed.  The  station  constantly  maintains  at  its  plant  a  number 
of  different  varieties  of  fowls  for  the  purpose  of  ascertaining  to  what 
extent  they  may  be  susceptible  to  "blackhead." 

In  addition  to  the  experimental  work  being  carried  on,  the  division 
has  held  itself  in  readiness  at  all  times  to  examine  into  epidemics 
and  miscellaneous  diseases  of  poultry  and  other  animals  throughout 
the  State,  and  to  furnish  information  and  advice  so  far  as  lay  within 
its  power.  By  far  the  greater  number  of  inquiries  that  come  in 
relate  to  the  diseases  of  poultry. 

This  report  would  be  incomplete  without  mention  of  the  ready 
and  efficient  service  that  has  been  rendered  by  the  assistant  and  other 
employees  of  the  division.  Mr.  Kirkpatrick  has  rendered  intelligent 
assistance  in  the  overseeing  of  the  field  work  and  many  of  the  experi- 
ments, and  by  the  use  of  judgment  and  accuracy  in  keeping  his 
records.  Mr.  Kolbe's  services,  as  a  practical  and  experienced  poul- 
tryman,  have  been  invaluable  in  the  management  of  the  stock.  It 
is  gratifying  to  have  associated  with  one,  men  who  are  interested  in 
and  loyal  to  their  work. 
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An  article  in  the  last  annual  report  concerning  the  functions  of 
sodium  salts,  contained  a  large  number  of  determinations  of  the  ash 
constituents  of  various  plants  grown  in  soil  to  which  different  rela- 
tive amounts  of  sodium  and  potassium,  in  carbonates  and  chlorids, 
had  been  added.  During  the  past  year  the  study  has  been  extended 
to  the  proximate  constituents  also,  of  the  plants  grown  under  similar 
circumstances.  Sufficiently  great  variations  were  found  in  the 
amoimts  of  the  organic  constituents  to  warrant  a  continuance  of 
the  study,  with  the  crops  of  the  present  year.  In  consideration  of 
the  increased  yields  which  result  with  certain  crops  when  sodium 
supplements  an  amount  of  potassium  which  is  insufficient  for  their 
needs,  it  seems  important  to  ascertain  if  such  a  substitution  affects 
unfavorably  the  organic  constituents  of  the  plants.  It  is  hoped 
that  this  work  will  eventually  shed  some  light  also  upon  the  phy- 
siology of  plant  nutrition. 

The  eighteenth  annual  report  of  this  station  contains  the  results 
of  an  attempt  to  ascertain  the  amount  of  available  phosphoric 
acid  in  soil  to  which  phosphates  of  different  availability  had  been 
added  during  a  series  of  years.  Nitric  acid  of  various  concentra- 
tions was  the  principal  solvent  used.  Although  widely  different 
crop  yields  were  obtained  from  the  several  plats,  no  method  was  found 
which  extracted  amounts  of  phosphorus  from  the  soil  which  were 
indicative  of  the  amounts  obtained  by  the  plants.  The  percentage 
of  phosphoric  acid  in  the  dry  matter  of  certain  of  the  crops  also 
failed  to  vary  in  the  same  direction  as  the  crop  yields.     The  flat 
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turnip,  however,  proved  especially  useful  in  indicating,  to  a  re- 
markable degree,  the  effect  of  a  particular  phosphate,  not  only  by 
their  yield  but  by  the  percentage  of  phosphorus  in  their  dry  matter. 
Partly  to  find  out  if  the  determination  of  phosphoric  acid  in  turnips 
would  afford  a  means  for  ascertaining  the  relative  deficiency  of  our 
soils  in  phosphoric  acid,  cooperative  soil  tests  were  conducted  in 
a  number  of  different  localities  in  the  State  in  1906.  These  tests 
not  only  furnished  material  for  analytical  work  on  the  above  prob- 
lem, but  they  were  designed  to  find  out  the  actual  needs  of  the  soil, 
as  indicated  by  the  plants  themselves,  so  that  the  value  of  the  re- 
sults obtained  by  the  analysis  of  the  plants  might  thereby  be  es- 
tablished. Phosphoric  acid,  and  in  some  cases  potassium  oxid, 
determinatiomi  were  made  in  flat  turnips,  Swedish  turnips,  and  table 
beets  from  certain  of  the  localities.  The  results  were  suflSciently 
encouraging  to  warrant  a  continuation  of  the  work  during  a  second 
year. 

The  analyses  made  in  1906  in  carr3ring  out  the  provisions  of  the 
law  providing  for  the  inspection  of  fertilizers,  were  published  in 
Bulletins  115  and  117.  They  represent  one  hundred  brands  of  com- 
plete fertilizers,  besides  about  twenty-five  samples  of  wood-ashes, 
bones,  manure  salts,  etc. 

The  inspection  of  commercial  feeding-stuffs  included  the  deter- 
mination of  protein  and  fat  in  about  one  hundred  and  eighty  sam- 
ples. The  analyses  and  discussion  of  the  same  were  published  in 
Bulletin  119. 

The  station  has  cooperated  with  the  Association  of  Official  Agri- 
cultural Chemists  in  testing  methods  for  the  gravimetric  and  volu- 
metric determinations  of  potassium  oxid  in  fertilizers,  for  the  de- 
termination of  invert  sugar  in  association  with  sucrose,  of  moisture 
in  molasses  and  massecuites,  and  of  nitrogen  and  moisture  in  cotton- 
seed meal  and  corn  meal. 

The  experiment  to  ascertain  the  relative  availability  of  the  ni- 
trogen in  different  materials  has  been  continued  in  the  large  pots 
sunken  in  the  ground.    The  nitrogen  and  moisture  determinations 
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in  the  crops  from  this  experiment  have  been  completed  in  all  of  the 
crops  thus  far  grown,  and  the  publication  of  the  results  of  the  ex- 
periment need  not  be  delayed  beyond  the  time  when  the  indications 
furnished  by  it  may  be  of  interest  to  the  public. 

The  pot  experiment  which  was  begun  in  1906,  with  the  object  of 
growing  legumes  in  one  of  our  light,  gravelly  soils,  without  the  appli- 
cation of  nitrogen  in  so  far  as  possible,  has  been  continued.  Soy 
bean,  cow  pea,  white-podded  adzuki  bean,  and  crimson  clover, 
were  the  first  crops  planted.  Winter  vetch,  which  followed  all  of 
these  crops  during  the  winter  in  the  greenhouse,  was  worked  into 
the  soil  in  the  spring  of  1907,  preparatory  to  planting  the  four  le- 
gumes in  the  same  pots  as  in  the  preceding  year.  This  experiment 
includes  the  analytical  work  necessary  for  knowing  the  net  gain  or 
loss  of  nitrogen  whenever  the  experiment  is  terminated. 

The  cooperative  soil  tests  referred  to  previously,  furnished  an 
opportunity  for  comparing  the  wire-basket  method  of  the  U.  S. 
Bureau  of  Soils,  for  determining  the  manurial  needs  of  land,  with 
results  obtained  in  the  field;  and  the  work  wag  undertaken  in  co- 
operation with  that  Bureau.  Bulletin  120  includes  the  data  ob- 
tained in  1906.  The  work  is  being  continued  by  the  Station  alone, 
somewhat  less  extensively,  in  1907.  Comparisons  with  the  eight- 
inch  Wagner  pots  have  also  been  included  with  certain  of  the  soils. 

Occasionally,  the  application  of  magnesium  sulfate  to  certain  of 
our  soils  has  resulted  in  a  slight  benefit,  and  it  has  been  customary 
to  add  a  medium  amount  of  this  material  in  certain  experiments 
when  it  has  been  desired  to  preclude  the  possibility  that  increases 
in  crop  yields,  resulting  from  the  addition  of  some  special  manurial 
ingredient,  might  be  due  to  an  indirect  action  whereby  needed 
magnesium  was  liberated.  Magnesium  sulfate  has  for  this  reason 
been  added  in  the  field  experiment  in  which  the  effect  of  lime  has 
been  studied;  and  the  criticism  has  been  made  that  the  benefits 
derived  from  liming  were  due  to  bringing  about  a  proper  balance 
between  calcium  and  magnesium,  which  Loew  considers  so  essential 
for  the  best  growth  of  plants.     In  order  to  add  more  evidence  to 
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that  which  had  ah*eady  accumulated  at  this  station,  bearing  upon 
this  idea,  a  pot  experiment  has  been  conducted  in  soil  from  the  lime 
experiment,  by  which  it  was  shown  in  a  most  striking  manner  that 
the  criticism  referred  to  was  entirely  wrong.  The  details  of  this 
work  will  appear  at  an  opportune  time. 

On  account  of  the  renewed  interest  in  ground  feldspar  as  a  source 
of  potassium  for  plants,  we  were  led  to  try  its  eflfectiveness  in  pots 
in  comparison  with  sulfate  of  potash.  At  least  another  crop  will 
be  grown  before  the  results  will  be  published,  but  at  the  present 
time  feldspar  is  at  an  economic  disadvantage. 

In  view  of  the  increased  yields  which  have  resulted  in  the  field 
from  the  addition  of  sodium  when  the  supply  of  available  potassium 
was  insufficient  for  the  needs  of  the  plant,  an  experiment  in  pots 
was  undertaken  with  soil  from  certain  of  the  plats  with  the  hope  of 
finding  out  if  the  sodium  in  nitrate  of  soda  and  in  kainit  is  economi- 
cally useful. 

It  was  impossible  to  state  with  certainty,  by  experiments  con- 
ducted in  soil,  whether  the  increased  growth  due  to  the  application 
of  sodium  salts  was  the  result  of  a  direct  or  of  an  indirect  eflfect.  In 
co5peration  with  the  U.  S.  Bureau  of  Soils,  numerous  water  and 
sand  cultures  have  been  carried  on  at  this  station  with  wheat  seed- 
lings, which  have  shown  that,  with  these  seedlings  at  least,  there  is 
a  decided  increase  in  growth  due  to  the  direct  effect  of  sodium  when 
supplementing  a  deficient  amount  of  potassium.  An  account  of  this 
co6perative  work  is  given  in  an  article  which  follows.  The  Station 
is  continuing  the  work  in  solution,  when  there  is  opportunity,  to  as- 
certain something  more  concerning  the  specific  eflfect  of  sodium  salts. 

The  following  miscellaneous  analyses  have  been  made  during  the 
year  either  because  of  their  bearing  on  certain  experimental  work 
of  the  Station  or  because  they  are  of  some  general  interest.  No 
funds  are  placed  at  the  disposal  of  the  Station  for  making  analyses 
which  would  be  of  only  private  interest.  The  cost  of  the  inspections 
of  fertilizers  and  feeding  stufifs  is  paid  from  special  funds,  and  the 
analyses  made  in  connection  with  these  inspections  are  published 
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in  bulletins.  Certain  chemical  analyses  are  not  included  here  be- 
cause they  will  be  of  more  interest  when  published  from  time  to 
time  with  the  results  of  experimental  work  on  which  they  will  have 
an  important  bearing. 

MISCELLANEOUS  ANALYSIS. 

Calcium  Ctanamid. 

Percent. 

Nitrogen 19.80 

Calcium  oxid 59. 73 

This  material  is  formed  in  the  electric  furnace  by  the  combination 
of  atmospheric  nitrogen  with  a  mixture  of  calcium  carbonate  and  coal. 
It  is  sometimes  called  "  lime  nitrogen, "  and  experiments  have  shown 
it  to  be  quite  a  satisfactory  source  of  nitrogen  for  plants.  It  con- 
tains a  considerable  quantity  of  calcium  in  excess  of  the  amount  re- 
quired to  combine  with  the  nitrogen  in  the  formation  of  pure  calcium 
cyanamid,  and  as  this  calcium  is  present  principally  in  calcium 
carbonate,  the  material  is  alkaline  in  its  reaction.  On  account  of 
this  fact  it  should  not  be  mixed  with  substances,  such  as  sulfate  of 
ammonia  and  guano,  from  which  ammonia  may  be  easily  expelled. 
The  "  lime  nitrogen "  itself  gives  off  ammonia  if  it  becomes  moist. 
Unless  it  is  applied  two  or  three  weeks  before  the  seed  is  planted  it 
is  likely  to  poison  the  young  plants. 

"Muck"  or  Peat. 

Per  cent. 

I        n 

Nitrogen  in  oven-dry  muck 2. 19         .29 

This  muck  was  from  a  farm  in  North  Providence,  near  the  Smith- 
field  road,  owned  by  Frederick  Winsor.  It  was  from  a  depression 
occupying  an  area  of  about  an  acre.  Sample  I  was  from  the  sur- 
face layer  of  the  deposit  and  was  composed  largely  of  organic  mat- 
ter. Sample  II  was  from  the  layer  below  this,  which  contained  a 
considerable  admixture  of  clayey  soil.     Sample  I  compares  favor- 
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ably  with  the  better  grades  of  muck.  The  amounts  of  phosphoric 
acid  and  potassium  oxid  in  muck  are  too  small  to  be  of  much  practi- 
cal importance. 

I.    Wool  and  dirt. 
II.    "PrmsCad!." 

Per  cent. 
I  II 

Nitrogen 1.73         1.45 

"Press  cake"   is  the  material  remaining  after  the  removal  by 
pressure,  of  the  fatty  substances  in  wool  waste. 

I.      SXTLPATB  or  AlOiONIA. 

II  and  III.    NrrRATBs  of  soda. 

Per  cent 

I  II  m 

Nitrogen 21 .02  15.88  14.77 

I.    Finely  ground  bone. 
II.    Dissolved  bone. 
III.    Dried  blood. 

Per  cent. 

I  n  m 

Nitrogen 2.44  2.25  10.30 

Phosphoric  acid  (PA) 26.08        ♦17.34  t2.73 

I.    Acid  phosphate. 
II  and  III.    Ignitbd  alxtminum  phosphate. 

Percent. 

I  II  m 

Phosphoric  acid *15.20        45.80  49.55 

Alummum  oxid 27.92  29.95 

Ferric  oxid 3.15  2.36 

Ignited  aluminum  phosphate  or  roasted  redondite  has  been  used 
at  this  station  several  years  in  comparison  with  other  phosphates.  J 

^Mostly  in  the  soluble  form. 

tDue  to  an  admixture  of  bone. 

t  See  espedaUy  BuUetins  114  and  118,  (1907). 
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It  is  relatively  less  efficient  with  soils  which  are  in  need  of  liming 
than  with  limed  soils,  and  even  with  the  latter  it  is  considerably  less 
available  for  most  crops  than  the  soluble  phosphates.  The  raw  re- 
dondite,  or  unignited  aluminum  phosphate,  is  of  no  practical  value 
as  a  source  of  phosphorus. 

Potassium  Nitrate. 

Per  cent. 

Moisture 0.32 

Potassium  oxid 46.44 

Nitrogen 13.83 

I.      MURIATB  OF  POTASH. 
II.      '^HlQH  grade"  MURIATB  OF  POTASH. 

III.  Sulfate  of  potash. 

IV.  Carbonate  or  potash. 

Per  cent. 

I  II         m        IV 

Potassium  oxid  49.92        61.87        47.91        57.28 

I.      Ck>MMON  SALT. 

II.    Sodium  carbonate. 

Per  cent. 
I  II 

Moisture 1.28  3.88 

Sodiimi  oxid 52.40        55.81 

Ctphers's  Poultry  Grit. 

Per  cent. 

Calciiun  oxid 43.57 

Magnesium  oxid 10. 14 

This  material  appears  to  be  magnesian  limestone. 

Malt  Sprouts. 

Per  cent. 
Crude  protein 24. 44 
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Hat. 


From  several  of  the  experimental  plats,  1906. 


Mobture  in  hay 
M  harvested. 
Plat  No.  Per  cent. 

6 33.49 

8 29.39 

10 33.92 

28 32.77 

31 25.15 

33 28.07 

77 35.46 

79 25.93 

81 36.63 

83 34.36 


ritroten. 

Per  cent  in  cven^dty  wtaUriaL 
Phosphorie          Potamum 
acidCPsO^.          ozid. 

1.33 

.46 

2.74 

.87 

.42 

2.19 

.91 

.40 

2.18 

.92 

.43 

2.05 

.91 

.43 

1.99 

.91 

.43 

2.15 

1.15 

.41 

2.36 

1.12 

.40 

2.14 

1.15 

.42 

2.31 

1.13 

.41 

2.16 

Andly$es  of  MateridU  tised  in  a  Chicken-Feeding  ExperimenL 


j 

i 

1 

i 

1 

Is 

i 

•n 

Com  meal 

11.73 
8.90 

11.48 
8.52 
9.22 

12.04 
7.17 

11.08 

10.27 

1.36 
2.80 
5.08 
1.78 
6.81 
7.19 
33.86 
24.00 
6.37 

1.70 
6.95 
7.94 
1.08 
7.43 

23.00 
0.00 
0.00 

10.34 

3.78 
2.89 
4.59 
6.59 
8.37 
2.66 
8.03 
1.22 
4.70 

9.00 
25.40 
16.63 
14.44 
39.50 
15.38 
42.63 
44.69 
16.06 

72.43 
53.06 
54.28 
67.59 
28.67 
39.73 
8.31 
19.01 
53.26 

.65 
1.06 
1.09 

.91 
2.89 

.49 

13.55 

7.68 

3.15 

40.76 

.09 

Gluten  feed 

.30 

Wheat  middlings 

Oat  meal 

.14 
.07 

Cotton-seed  meal 

Clover  meal 

.31 
1.59 

Bone  and  meat  meal. 

Granulated  milk 

Wheat  bran 

17.09 

12.39 

.19 

Bone  ash 

52.79 
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THE  EFFECT  OF  THE  ADDITION  OF  SODIUM  TO  DE- 
FICIENT AMOUNTS  OF  POTASSIUM,  UPON 
THE  GROWTH  OF  PLANTS  IN  BOTH 
WATER  AND  SAND  CULTURES. 


B.  L.  HARTWELL  AND  H.  J.  WHEELER 
Of  the  Rhode  Island  StaHon, 

AND 

F.  R.  PEMBER 
Of  the  Bvreau  of  Soils,  U.  S,  Department  of  AgricuUvre.* 


The  field  experiment  which  was  inaugurated  in  1894  at  the  Rhode 
Island  Station  to  study  the  effects  upon  plant  growth  of  adding 
potassium  and  sodium  in  different  relative  amounts,  both  as  chlorids 
imd  carbonates,  demonstrated,  among  other  things,  that  when  a 
deficient  amount  of  potassium  was  supplemented  by  a  liberal  amount 
of  sodium,  a  considerable  increase  in  yield  resulted  with  certain 
plants,  and  that  the  increased  yield  was  accompanied,  in  nearly  all 
cases,  by  an  increase  in  the  percentage  of  sodium  in  the  crop  and  a 
decrease  in  the  percentage  of  potassium.  The  relative  depression 
in  the  latter,  however,  which  resulted  when  extra  sodium  was  added, 
was  not  so  great  in  most  cases  as  the  relative  increase  in  yield,  so 
that  there  was,  therefore,  more  potassium  actually  removed  from 
the  soil  of  a  given  area  by  the  crop,  even  though  the  percentage  in 
the  plant  was  less.  It  is  difiicult  under  such  circumstances  to  dis- 
prove that  the  sodium  may  not  have  been  beneficial  primarily  be- 
cause of  its  recognized  ability  to  increase  the  amount  of  available 
potassium;  although  much  evidence  was  presented  in  the  last  annual 

*  While  detailed  at  the  Rhode  Island  Agricultural  Experiment  Station  for  ooAperative  work. 
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report  of  the  Rhode  Island  Station,  resultmg  from  a  study  of  the  ash 
analyses  of  the  field  crops,  that  sodium  was  probably  beneficial 
primarily  in  some  other  way  than  as  a  liberator  of  potassium. 

The  desirability  of  conducting  water-culture  experiments  so  that 
the  available  potassium  could  be  limited  to  a  definite  amount,  led 
to  the  co5perative  work  which  is  here  recorded. 

The  water  cultures  were  conducted  in  wide-mouthed  glass  bottles 
which  had  a  capacity  of  about  250  cubic  centimeters  and  which  pos- 
sessed a  high  degr€^  of  resistance. to  the  solvent  action  of  the  solu- 
tions. The  seeds  were  usually  germinated  upon  a  perforated  paxaflSn 
disk,  which  was  floated  upon  a  pan  of  water.  When  the  plumules 
had  attained  a  length  of  about  three  centimeters,  ten  selected  seed- 
lings were  suspended  from  the  flat  cork  of  each  bottle  by  placing 
them  in  V-shaped  notches  in  the  periphery  of  the  cork,  and  holding 
them  in  place  by  the  removed  portions  of  the  cork  and  a  rubber 
band.*  This  arrangement  reduced  the  evaporation  from  the  solu- 
tion to  a  minimum,  so  that  the  loss  of  water  diuring  a  given  time 
would  represent  practically  the  amount  transpired.  Each  bottle 
was  covered  with  a  piece  of  thick  black  paper  to  exclude  the  light 
from  the  roots. 

The  water  used  in  making  the  nutrient  solutions  had  been  dis- 
tilled, and  treated  with  carbon  black.  The  salts  were  the  ordinary 
c.  p.  chemicals.  The  solutions  in  which  the  plants  grew  were  usually 
replaced  by  fresh  ones  every  three  or  four  days,  at  which  time  the 
loss  in  weight  could  be  pecorded.  The  total  niunber  of  grams  of 
water  transpired  during  the  last  three  or  four  periods,  constituted 
the  transpiration  as  recorded  in  the  succeeding  tables.  The  green 
weights,  which  are  recorded  in  grams,  represent  the  portion  of  the 
plants  above  the  juncture  of  the  roots  with  the  tops.  The  discussion 
of  the  effect  of  either  sodium  or  calcium  in  the  presence  of  a  deficiency 
of  potassium  will  deal  principally  with  the  green  weights,  because  of 
the  fact  that,  due  to  the  extra  salt  in  solution,  the  increase  in 
transpiration  is  often  relatively  less  than  the  increase  in  green 
weight. 

*  A  aiinple  method  for  experiments  with  water  culture.     The  Plant  World,  9,  13,  (1906). 
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The  solutions  which  contained  about  450  parts  per  million  of  solids 
included,  in  part,  the  following  kinds  and  amounts  of  salts  in  all 
cases: 

Calcium  nitrate  Ca  (NOs  )s,  244  parts  per  million  (p.  p.  m.). 
Magnesium  sulfate,  Mg  SO4,  96  p.  p.  m. 
Mono-calciimi  phosphate,  Ca  H4  (PO4  )s,  5S  p.  p.  m. 
Ferric  nitrate,  Fe^  (NOs  )«,  trace. 

The  above  salts  furnished  70  p.  p.  m.  of  calcium  (Ca),  19  p.  p.  m. 
of  magnesium  (Mg),  42  p.  p.  m.  of  nitrogen  (N),  15  p.  p.  m.  of  phos- 
phorus (P),  and  26  p.  p.  m.  of  sulfur.  They  were  supplemented  in 
different  series  by  the  following  kinds  and  amounts  of  salts  wUch 
are  recorded  in  connection  with  the  tables  containing  the  results  of 
th6  individual  experiments,  namely:  32  p.  p.  m.  of  potassium  (K), 
the  usual  maximum  amount  which  was  employed  in  connection  with 
the  above  quantities,  furnished  in  61  p.  p.  m.  of  potassium  chlorid 
(K  CI),  71  p.  p.  m.  of  potassium  sulfate  (Kj  SO4),  or  57  p.  p.  m.  of 
potassium  carbonate  (K^COg);  18  p.  p.  m.  of  sodium  (Na),  the 
equivalent  of  the  above  potassium,  contained  in  48  p.  p.  m.  of  sodium 
chlorid  (Na  CI),  58  p.  p.  m.  of  sodium  sulfate  (Naj  SO4),  or  44  p.  p.  m. 
of  sodium  carbonate  (Na2  COg);  or  16  p.  p.  m.  of  calcium,  the  equiv- 
alent of  the  potassium  and  the  sodium,  contained  in  45  p.  p.  m.  of 
calcium  chlorid  (Ca  CI2).  Whenever  the  sulfates  of  sodium  or  calci- 
um were  used  to  supplement  the  potassium  they  were  added  in 
equal,  instead  of  chemically  equivalent,  amounts;  17  p.  p.  m.  of 
calcium  in  calcium  sulfate  (Ca  SO4),  were  compared  for  example 
with  16  p.  p.  m.  of  sodium  in  sodium  sulfate;  each  was  obtained 
from  58  p.  p.  m.  of  its  respective  salt. 

The  general  scheme  of  the  experiments  was  to  replace  three- 
fourths  or  seven-eighths  of  the  maximum  amount  of  potassium  by 
equivalent  amounts  of  sodium,  or  extra  calcium,  in  certain  of  the 
series;  which  would  lead,  of  course,  to  slight  variations  in  the  amount 
of  total  solids  in  the  different  series.  In  certain  of  the  experiments, 
as  will  be  indicated  in  connection  with  the  same,  the  amount  of 
solids  was  halved  or  doubled  as  the  case  might  be,  which  led  to  a 

15 
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corresponding  change  in  the  above-mentioned  amounts  of  those 
salts  which  constituted  the  foundation  nutrients  common  to  all  of 
the  experiments.  The  solution  which  was  used  in  most  of  the  ex- 
periments contained  about  450  p.  p.  m.  of  solids.  Slight  variations 
from  this  amount  do  not  aflfect  the  growth.  The  wheat  which  was 
used  was  the  Russian  variety  known  as  "Chul." 


Experiment  I. 
Wheat  Grown  from  April  26  to  May  19,  1906. 
(Solids,  about  450  p.  p.  m.  of  solution.) 


8PKCL4L  Addition*. 

Fbom 
Bach  Bottlb. 

AVULLOB 

Pbb  Bottlb. 

RmLATtwm. 

Tnms- 
piimtion. 

Green 
weight. 

Tmns- 
pimeion. 

Green 
weight. 

ph»tion. 

Greea 
weight. 

32  p.  p.  m.  of  K  in  KCl 

8  p.  p.  m.  of  Kin  KCi 

8  p.  p.  m.  of  K  in  K  CI,  and 
14  p.  p.  m.  of  Na  in  NaQ... . 

8  p.  p.m.  of  K  in  KQ,  and 
12  p.  p.  m.  of  Ca  in  CaClj  . . . 

4  p.  p.  m.  of  K  in  K  CI 

4  p.  p.  m.  of  K  in  K  CI,  and 
16  p.  p.  m.  of  Na  in  Na  CI.. . . 

4  p.  p.  m.  of  K  in  KCl,  and 
14  p.  p.  m.  of  Ca  in  Ca  Clj  . . . 

405 
387 

336 
306 

357 
342 

297 
296 

291 
284 

306 
319 

280 
293 

7.28 
7.30 

5.10 
4.71 

5.98 
5.36 

4.99 
4.58 

5.00 
4.74 

5.49 
4.99 

4.60 
4.93 

396 
321 
350 
297 
288 
313 
287 

7.29 
4.91 
5.67 
4.78 
4.87 
5.24 
4.77 

100 
81 
88 
75 
73 
79 
72 

100 
67 
78 
66 
67 
72 
65 

The  above  results  show  plainly  that  there  was  a  deficiency  of 
potassium  when  only  8  and  4  parts  per  million  were  added,  and  that 
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the  yields  were  increased  when  these  amounts  '^ere  supplemented  by 
sodium;  but  that  the  extra  calcium,  which  was  used  in  amounts 
equivalent  to  the  sodium,  did  not  increase  the  growth. 

EXPERIMBI^  II. 

Wheat  Grown  from  May  16  to  June  7,  1906. 

(Solids,  about  450  p.  p.  m.  of  solution.) 


• 

Fbom 
Each  Bottlb. 

Atebaos 
PbbBottls. 

Rblativb. 

Speciai;  Additions. 

Trans- 
piration. 

Green 
weigiit. 

Tmn»- 
piration. 

Green 
weifl^t. 

Trans- 
piration. 

Green 
weigiit. 

32p.  p.  m.of  KinKCl 

8  D.  D.  m.  K  in  K  CI 

396 
419 

368 
378 

392 
390 

351 
352 

339 
308 

371 
398 

323 
331 

6.12 
6.53 

5.22 
5.65 

5.66 
5.60 

5.16 
5.58 

4.56 
4.31 

5.28 
5.99 

4.97 
4.60 

408 
373 
391 
352 
324 
385 
327 

6.34. 

5.44 

5.63 

5.37 

4.44 

5.64 

4.79 

100 
91 
96 
86 
79 
94 
80 

100 

86 

8  p.  p.  m.  K  in  K  a,  and 
14  p.  p.  m.  Na  in  Na  CI 

8  p.  p.  m.  of  K  in  K  CI,  and 
12  p.  p.  m.  of  Ca  in  CaQj  . . . 

4p.  p.  m.  of  KinKa 

4  p.  p.  m.  of  K  in  K  CI,  and 
16  p.  p.  m.  of  Na  in  Na  CI.. . . 

4  p.  p.  m.  of  K  in  K  CI,  and 
14  p.  p.  m.  of  Ca  in  Ca  Clj . . 

89 
85 
70 
89 
76 

A  slight  gain  is  indicated  above,  when  8  parts  per  million  of  po- 
tassium were  supplemented  by  sodium,  but  not  when  supplemented 
by  calcium.    A  large  gain  resulted,  however,  when  sodium  was  added 
to  the  smallest  amount  of  potassium;  and,  in  this  particular  instance,' 
the  extra  calcium  increased  the  yield  slightly. 
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•  EXPBRIMBNT  III. 

Wheat  Grown  from  May  4  to  May  26, 1906. 
(Solids,  about  225  p.  p.  m.  of  solution.) 


Brmcui*  Aodihonb. 


Feom 
Each  Bottle. 


pizmtion. 


Qreen 
weight. 


AYatAoa 

Ptt  BOTTIiS. 


Timns- 
pintion. 


Qraea 
waight. 


RnunvB. 


TaiiA-       GiMn 
pimtkm.    iPoicfat. 


16p.  p.  m.  of  KinKCi. 


4  p.  p.m.  of  Kin  KG 

4  p.  p.  m.  of  K  in  K  Ci,  and 

7  p.  p.  m.  of  Na  in  Na  d 

4  p.  p.  m.  of  K  in  KCi,  and 

6  p.  p.  m.  of  Ca  in  Ca  Cl| . . 

2p.  p.m.  of  Kin  K  CI 

2p.  p.m.  of  Kin  KQ 

8  p.  p.  m.  of  Na  in  Na  CI.. . 

2p.  p.  m.  of  KinKCl 

7  p.  p.  m.  of  Ca  in  Ca  Qg . . 


432 
471 

356 
354 

443 

382 

410 
348 

362 
335 

355 
329 

299 
340 


5.78 
6.20 

4.50 
4.43 

5.85 
5.37 

5.35 
4.76 

4.17 
4.23 

4.88 
4.45 

3.90 
4.43 


452 


355 


413 


379 


349 


342 


320 


5.99 


4.47 


5.61 


5.06 


4.20 


4.67 


4.17 


100 


79 


91 


84 


77 


76 


71 


100 


75 


94 


84 


70 


78 


70 


In  the  above  experiment,  the  amounts  of  nutrients  were  only  half 
as  large  as  in  the  preceding  two  experiments.  When  a  quarter  of  the 
potassium  was  supplemented  by  sodium  a  marked  increase  in  growth 
was  obtained;  and  even  with  the  addition  of  the  extra  calcium  there 
was  a  slight  gain. 

When  one-eighth  of  the  potassium,  or  only  2  p.  p.  m.,  was  sup- 
plemented by  sodium  there  was  no  gain  in  transpiration,  although 
each  bottle  yielded  a  greater  green  weight.  The  calcium,  however, 
increased  neither  the  green  weight  nor  the  transpiration. 
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A   second  experiment,   with  the  same   kinds  and  amoimts  of 
nutrients,  follows: 

Experiment  IV. 

Wheat  Grown  from  Iday  11  to  June  4,  1906. 

(Solids,  about  225  p.  p.  m.  of  solution.) 


Spbcial  Aoditxons. 

From 

AVERAOK 

PerBottlk. 

Trans- 
piration. 

Qreen 
weight. 

Trans- 
piration. 

Qreen 
weight. 

Trans- 
piration. 

Oreen 
weigttt. 

16p.  p.m.  of  KinKa 

4  p.  p.  m.  of  K  in  K  CI 

4  p.  p.  m.  of  K  in  K  CI,  and 

7  p.  p.  m.  of  Na  in  Na  CI 

4  p.  p.  m.  of  K  in  K  CI,  and 
6  p.  p.  m.  of  Ca  in  Ca  CI2 

2  p.  p.  m.  of  Kin  K  a 

2  p.  p.  m.  of  K  in  K  CI,  and 

8  p.  p.  m.  of  Na  in  Na  CI 

2  p.  p.  m.  of  K  in  KG.  and 
7p.  p.  m.of  CainCaClj... 

507 
490 

440 
411 

475 
439 

427 
446 

386 
352 

391 
450 

382 
413 

5.59 
5.64 

4.77 
4.30 

5.27 
4.84 

4.55 
4.53 

4.41 
4.18 

4.35 
4.47 

4.43 
4.34 

499 
426 
457 
437 
369 
421 
398 

5.61 
4.54 
5.06 
4.54 
4.30 
4.41 
4.39 

100 
85 
92 
89 
73 
84 
79 

100 
81 
90 
81 
75 
79 
78 

The  addition  of  7  p.  p.  m.  of  sodium  to  the  4  p.  p.  m.  of  potassi- 
um again  inoreased  the  green  weight  from  each  bottle,  whereas  no 
increase  in  weight  resulted  from  the  addition  of  the  extra  calcium. 

When  added  to  the  2  p.  p.  m.  of  potassium,  both  the  sodium  and 
the  calcium  increased  the  average  growth  slightly,  although  in  each 
case  the  smallest  yield  secured  from  one  of  the  bottles  was  slightly 
less  than  the  largest  yield  when  potassium  alone  was  used. 
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It  was  evident,  from  the  appearance  of  the  plants,  that  they  suf- 
fered materially  in  the  last  two  experiments  when  the  solids  were  as 
low  as  225  p.  p.  m.  of  solution  and  the  potassium  was  reduced  to  4 
and  2  p.  p.  m.  Under  such  conditions  it  is  probable  that  the  func- 
tions which  only  potassium  could  perform,  were  so  improperly 
exercised  that  any  beneficial  effect  which  sodium  might  ordinarily 
exert,  by  fulfilling  some  function  which  is  usually,  although  perhaps 
not  necessarily,  performed  by  potassium,  would  not  be  so  prominently 
shown  as  would  be  the  case  were  the  potassium  less  deficient.  It 
was  decided  that  the  amount  of  solids  could  not  be  advantageously 
reduced  to  such  low  limits  when  other  conditions  were  suitable  for 
rapid  growth. 

Having  secured  repeated  indications  from  the  foregoing  experi- 
ments, that  sodium  was  beneficial  in  connection  with  deficient 
amounts  of  potassium,  when  the  seeds  were  left  upon  the  seedlings, 
it  was  desired  to  ascertain  whether  the  removal  of  the  seeds  would 
lead  to  a  greater  benefit  due  to  sodium.  The  two  experiments 
which  follow,  deal  with  this  question. 
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In  this  experiment,  in  order  to  secure  the  results  recorded  in  the 
columns  marked  "seeds  removed/'  the  seeds  were  detached  two  and 
one-half  days  after  the  seedlings  were  placed  in  the  corks.  These 
figures  may  be  compared  with  those  in  the  columns  headed  "not 
removed/'  which  represent  the  results  obtained  when  the  seeds  were 
left  on,  as  was  usual  in  most  of  the  experiments  recorded  in  this 
article.    All  other  conditions  were  identical. 

In  this  experiment  the  sulfates  of  sodium  and  calcium  were  used 
instead  of  the  chlorids,  for  supplementing  the  potassium. 

The  addition  of  either  sodium  sulfate  or  calcium  sulfate  to  the  full 
ration  of  potassium  chlorid,  did  not  increase  the  transpiraium^ 
whether  the  seeds  were  removed  or  not;  but,  according  to  the  green 
weights,  there  was  a  slight  gain  in  both  cases,  when  sodium  sulfate 
was  added,  although  calcium  sulfate  gave  an  increase  only  when  the 
seeds  were  removed. 

When  the  amount  of  potassium  was  decreased  to  8  p.  p.  m.,  the 
increases  caused  by  the  addition  of  sodium  sulfate  were  of  such 
magnitude,  measured  both  by  the  figures  for  transpiration  and 
green  weight,  that  there  could  be  no  question  of  their  reality.  It  is 
interesting  to  note  in  this  connection  that  no  increased  gains  were 
caused  by  the  sodium  sulfate  as  a  result  of  removing  the  seeds  from 
the  plants. 

Although  the  increase  in  transpiration  when  the  calcium  sulfate 
was  added  with  the  smaller  amount  of  potassium  was  one-half  as 
much  as  when  the  sodium  sulfate  was  added,  whether  the  seeds  were 
or  were  not  removed,  there  was  no  positive  gain  in  the  green  weights. 
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In  a  part  of  the  above  experiment  it  may  be  seen  that  the  seeds 
were  again  detached,  but  in  this  instance  only  eighteen  hours  elapsed 
after  placing  the  seedlings  in  the  bottles,  before  the  seeds  were  re- 
moved, instead  of  two  and  one-half  days  as  in  the  previous  experi- 
ment. 

The  treatment  was  identical  in  those  portions  of  the  two  preceding 
tables  which  contain  the  results  with  8  p.  p.  m.  of  potassium  alone, 
and  supplemented  by  either  sodium  or  calcium  sulfate;  and,  if  the 
possible  influence  of  the  weather  conditions  be  left  out  of  considera- 
tion, it  is  possible  to  compare  the  relative  effect  of  removing  the  seeds 
at  the  two  stages  of  growth.  The  depression  in  the  green  weights 
caused  by  removing  the  seeds  two  and  one-half  days  after  placing  the 
plants  in  the  corks  (experiment  V),  was  11,  18,  and  19  per  cent., 
respectively,  in  the  three  series  under  consideration;  whereas,  the 
depression  in  experiment  VI,  when  the  seeds  were  detached  after 
only  eighteen  hours,  was  17,  26,  and  24  per  cent.  These  figures 
suggest  a  considerable  disturbance  of  the  plants  by  the  removal  of 
the  seeds  in  both  cases,  and  that  the  disturbance  was  greater,  when 
the  seeds  were  detached  early.  In  fact,  the  appearance  of  the  plants 
from  which  the  seeds  were  removed  after  only  eighteen  hours,  was 
.«uch  as  to  make  it  seem  undesirable  to  remove  the  seeds  unless  some 
.special  advantage  was  to  be  gained  in  the  study  of  the  main  problem 
under  consideration. 

The  relative  effect  of  the  addition  of  sodium  sulfate  and  of  calcium 
sulfate  to  a  deficient  amount  of  potassium  (8  p.  p.  m.)  upon  wheat 
plants  from  which  the  seeds  had,  and  had  not,  been  removed,  may  be 
seen  by  a  study  of  the  green  weights  in  the  two  preceding  tables. 
The  addition  of  the  sodium  sulfate  to  the  small  amount  of  potassium, 
when  the  seeds  were  not  removed,  increased  the  green  weights  29 
and  16  per  cent.,  respectively,  in  experiments  V  and  VI;  but,  on  the 
other  hand,  when  the  seeds  were  removed,  the  increase  from  the 
sodium  sulfate  was  only  17  and  2  per  cent.,  respectively.  It  ap- 
peared, therefore,  that  probably  nothing  would  be  gained  by  removing 
the  seeds,  towards  accentuating  the  benefits  derived  from  sodium  in 
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case  of  a  lack  of  potassium.  Insignificant  gains  resulted  when  the 
calcium  sulfate  was  used,  and  the  seeds  were  left  on,  and  insignificant 
losses  when  they  were  removed.  Another  instance  is  afforded  here 
of  practically  no  effect  from  the  extra  calcium  whe,n  the  potassium 
was  deficient,  but,  on  the  whole,  of  considerable  increase  from  the 
sodium. 

In  connection  with  the  larger  amoimt  of  potassium,  experiment  VI 
shows  that  whereas  there  was  a  gain  in  green  weight  of  9  per  cent, 
when  sodium  was  added,  there  was  a  slight  depression  when  calcium 
was  added,  both  elements  having  been  supplied  in  equal  amoimts  of 
sulfates. 


Experiment  VII. 

Wheat  Grown  from  Atigmt  16  to  31,  1906. 

(Solids,  about  450  p.  p.  m.  of  solution.) 


Spbcial  Additions. 

Fbom 
Each  Bottle. 

Average                  -,^^  ^^_ 

PERBonXE.                     R^ATTVE. 

I 

Trans- 
piration. 

Green 
weight. 

Trans- 
piration. 

Green 
weight. 

Trans- 
piration. 

Green 
weight. 

32  p.  p.  m.  of  K  in  K  CI 

32  p.  p.  m.  of  K  in  K  CI,  and 

16  p.  p.  m.  of  Na  in  Naa 8O4. 

32  p.  p.  m,  of  K  in  KQ,  and 

17  p.  p.  m.  of  Ca  in  CaS04  . . 

8  p.  p.  m.  of  K  in  KQ 

8  p.  p.  m.  of  K  in  K  CI,  and 

12  p.  p.  m.  of  Na  in  Na^  SO4  . . 

8  p.  p.  m.  of  K  in  K  CI,  and 

13  p.  p.  m.  of  Ca  in  Ca  SO4.. . 

350 
362 

309 
335 

293 
335 

246 
250 

309 
314 

270 
267 

7.78 
8.18 

7.67 
7.74 

7.47 
8.27 

5.37 
5.29 

6.43 
6.30 

5.60 
5.53 

356 
322 
314 
248 
311 
268 

7.98 
7.70 
7.87 
5.33 
6.37 
5.56 

100 
90 
88 
70 
88 
75 

100 
97 
99 
67 
80 
70 
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The  above  results  show  that  no  gain  resulted  by  adding  either 
sodium  sulfate  or  calcium  sulfate  to  the  full  ration  of  potassimn;  but 
that  when  the  amount  of  potassium  was  reduced  to  8  p.  p.  m.,  or 
enough  to  depress  the  yield  about  30  per  cent.,  a  decided  increase 
resulted  from  the  addition  of  sodium  sulfate,  although  an  equal 
amount  of  calcium  sulfate  produced  only  a  slight  gain. 

In  experiments  V,  VI,  and  VII,  a  slight  apparent  gain  in  green 
weight  resulted  whenever  13  p.  p.  m.  of  calcium  in  calcimn  sulfate 
were  added  to  the  smaller  amount  of  potassium,  although  this  was 
not  always  borne  out  by  the  transpiration,  and  was,  perhaps,  within 
the  limit  of  error.  Nevertheless  it  was  deemed  advisable,  in  view  of 
the  fact  that  an  amoimt  of  calcium  sulfate  equal  to  that  of  sodium 
sulfate  would  be  expected  to  exert  less  osmotic  pressure,  to  increase 
the  quantity  of  calcium  sulfate,  so  that  twice  as  much  of  it  would  be 
present  as  of  the  sodiiun  sulfate.  The  experiments  which  will  now 
be  considered  were  designed  to  show  the  effect  of  this  change. 
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Experiment  VIII.    (See  figure  1.) 

Wheai  Grown  from  July  11  to  27,  1906. 
(Solids,  about  450  p.  p.  m.  of  solution.) 


Spbcial  Additions. 

From 
Each  Bottlb. 

Aybbaob 
Pkk  BonT.B. 

Rblatiyb. 

1 

Tians- 
pinttion. 

Oreen 
weight. 

Trans- 
pinttion. 

Green 
weight. 

Trane- 
piration. 

Green 
weight. 

1 

2 
3 

4 
5 

6 

32p.  p.  m.  of  Kin  KCl... 

32p.  p.m.  of  KinKa,  and 
16  p.  p.  m.  of  Na  in  Na,  SO4 

32  p.  p.  m.  of  K  in  K  CI,  and 
34  p.  p.  m.  of  Cain  Ca  SO4. . 

8  p.  p.  m.  of  K  in  KG 

8p.p.m.of  KinKa,and 
12  p.  p.  m.  of  Nain  Naj  SO4 

8  p.  p.  m.  of  K  in  K  a,  and 
26  p.  p.  m.  of  Ca  in  Ca  SO4 . 

192 
191 

192 
192 

191 
182 

138 
133 

164 
163 

137 
144 

8.26 
7.73 

8.23 
7.68 

8.40 
7.95 

4.74 
4.54 

6.06 
5.67 

4.83 
5.12 

192 
192 
187 
136 
164 
140 

8.00 
7.96 
8.17 
4.64 
,  5.87 
4.98 

100 
100 
97 
71 
85 
73 

100 

100 

102 

58 

73 

62 

The  above  experiment  agreed  with  the  preceding  one  in  that  the 
only  significant  increase  in  connection  with  the  deficient  amount  of 
potassium  occurred  when  it  was  supplemented  by  the  sodium,  in 
spite  of  the  fact  that  the  quantity  of  calcium  sulfate  had  been 
doubled.  It  is  difficult  to  understand  how  the  increase  in  growth 
caused  by  the  sodium  could  be  attributed  to  greater  osmotic  pressure, 
for  otherwise  such  liberal  amounts  of  calcium  sulfate  would  be  ex- 
pected to  exert  a  similar  effect. 

In  the  experiments  heretofore  reported  the  amount  of  solids  has 
usually  been  about  450  p.  p.  m.  of  solution,  but  in  the  one  which 
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follows,  the  foundation  nutrients  were  doubled  whereas  the  special 
additions,  as  given  in  the  following  table,  remained  unchanged 
except  that  a  series  was  introduced  in  which  64  p.  p.  m^  of  potassium 
were  present. 


Experiment  IX. 

Wheat  Grown  from  July  17  to  August  1,  1906. 

(Solids,  about  800  p.  p.  m.  of  solution.) 


Spbcial  Additions. 

From 
Each  Bottlk. 

Atbraoe 

Trans- 
piration. 

Oreen 
weight. 

Trans- 
piration. 

Green 
weight. 

Trans- 
piration. 

Green 

weight. 

64  p.  p.  m.  of  K  in  Ka 

32p.  p.m.  of  KinKa 

32  p.  p.  m.  of  K  in  K  CI,  and 
16  p.  p.  m.  of  Na  in  Na^  SO4. 

32  p.  p.  m.  of  K  in  K  CI,  and 
34  p.  p.  m.  of  Ca  in  Ca  SO4. .  • 

8  p.  p.m.  of  KinKa 

8  p.  p.  m.  of  K  in  K  a,  and 
12  p.  p.  m.  of  Na  in  Na^  SO4. . 

8  p.  p.  m.  of  K  in  Ka,  and 
26  p.  p.  m.  of  Ca  in  Ca  SO4.. . 

173 
174 

153 
158 

162 
164 

178 
169 

147 
159 

163 
188 

141 
156 

7.14 
7.15 

6.43 
6.30 

7.01 
6.70 

6.69 
7.03 

4.73 
4.60 

5.46 
5.68 

4.67 
5.11 

174 
155 
163 
174 
153 
176 
148 

7.15 
6.37 
6.85 
6.86 
4.67 
6.57 
4.89 

100 
90 
94 

100 
88 

101 
85 

100 
88 
9& 
9& 
65 
78 
68 
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It  may  be  seen  by  reference  to  the  foregoing  table  that  an  increase 
in  the  usual  maximum  amount  of  potassium  to  64  p.  p.  m.  re- 
sulted in  the  maximum  green  weight.  In  other  words,  32  p.  p.  m.  of 
potassium,  in  connection  with  the  large  amounts  of  the  foundation 
nutrients  used  in  this  case,  were  not  sufficient  for  a  maximum  pro- 
duction. It  is  probable  that  32  p.  p.  m.  were  not  always  sufficient, 
under  ideal  climatic  conditions,  to  produce  a  maximum  gowth  even 
when  the  amounts  of  the  other  nutrients  were  not  doubled,  and  that 
the  frequent  small  increases  in  growth  which  resulted  when  sodium 
was  added  to  this  amount  of  potassium  were  due  to  this  fact;  for  the 
results  as  a  whole  have  not  shown  that  sodium  was  beneficial  in  the 
presence  of  an  abundance  of  potassium,  but  only  when  the  latter  was 
deficient. 

It  is  shown  by  the  table  that  sodium  increased  the  crop  as  usual 
when  supplementing  8  p.  p.  m.  of  potassium,  whereas  calcium  did 
not  do  so  with  certainty,  the  transpiration  having  been  even  reduced. 

No  indications  were  furnished  by  this  experiment  that  the  specific 
effect  of  sodium  in  connection  with  a  deficiency  of  potassium,  was 
altered  by  doubling  the  amounts  of  the  general  nutrients. 

In  the  preceding  experiments  the  special  additions  were  potassium 
chlorid  supplemented  by  either  the  chlorids  or  sulfates  of  sodium  or 
calcium,  whereas,  in  the  next  two  experiments  potassium  sulfate  was 
used  in  place  of  potassium  chlorid  as  the  source  of  potassium. 
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EXPEBDIBNT  X. 

Wheai  Grown  from  July  5  to  20,  1006. 
(Solids,  about  450  p.  p.  m.  of  solution.) 


FkOH 

Each  Botixb. 

AyBSAOB 
PmBOTTLB. 

BBLAlITa. 

Spbgial  Addihoms. 

TraoB- 
piimtion. 

Green 
weight. 

TnuM- 
piimtion. 

Greeo 
weight. 

TmiM- 
pimtkm. 

Giwo 

Wli^ 

32  p.  p.  m.  of  K  in  K8SO4. . . 

32  p.  p.  m.  of  K  in  Ks  SO4,  and 
16  p.  p.  m.  of  Na  in  Na^  SO4. . 

32  p.  p.  m.  of  K  in  Kg  SO4,  and 
34  p.  p.  m.  of  Ca  in  Ca SO4.. . 

8p.  p.  m.  of  KinK8S04.... 

8  p.  p.  m.  of  K  in  K,  SO4,  and 
12  p.  p.  m.  of  Na  in  Na,  SO4.. . 

8  p.  p.  m.  of  K  in  Kg  SO4,  and 
26  p.  p.  m.  of  Ca  in  Ca  SO4. . . 

297 
314 

289 
310 

314 
321 

245 
238 

282 
273 

248 
247 

6.17 
6  72 

6.27 
6.90 

6.74 
6.83 

4.90 
4.72 

5.15 
5.56 

4.58 
4.89 

306 
299 
318 
242 
278 
248 

6.45 
6.59 
6.79 
4.81 
5.36 
4.74 

100 
08 

104 
79 
91 
81 

100 

102 

105 

75 

82 

74 

Experiment  XI. 

Wheat  Grown  from  July  27  to  August  8.  1906. 

(Solids,  about  450  p.  p.  m.  of  solution.) 


Special  Additions. 


Fbom 
Each  Bottle. 


Trans- 
piraUon. 


Green 
weight. 


AVBRAOB 

Pbb  Bottlb. 


Trans- 
piration. 


Green 
weight. 


Rblatttb. 


Trans- 
piration. 


Green 


32  p.  p.  m.  of  K  in  K,  SO4.. . . 


8  p.  p.  m.  of  K  in  K,  SO4.. 
8  p.  p.  m.  of  K  in  K2  SO4,  and 


8  p.  p.  m.  of  K  in  K2  SO4,  and 
12  p.  p.  m.  of  Na  in  Na^  SO4.. 

8  p.  p.  m.  of  K  in  K2  SO4,  and 
26  p.  p.  m.  of  Ca  in  Ca  SO4. . . 


161 
141 

114 
122 

142 
163 

148 
131 


4.84 
3.95 

3.16 
3.26 

3.64 
3.59 

3.44 
3.23 


151 


118 


153 


139 


4.40 


3.21 


3.62 


3.34 


100 


78 


101 


92 


100 


73 


82 


76 
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Prom  the  figures  recorded  in  the  two  preceding  tables  it  may  be 
seen  that  the  average  increase  in  green  weight  due  to  the  addition  of 
sodium  sulfate  to  8  p.  p.  m.  of  potassium,  was  about  11  per  cent., 
whereas  the  addition  of  twice  as  much  calcium  sulfate  did  not  cause 
any  positive  increase. 

The  universal  increase  of  crop  which  resulted  whenever  sodium 
supplemented  deficient  amounts  of  potassium  led  not  only  to  an 
examination  of  the  sodium  salts,  which  gave  assurance  that  the  effect 
was  not  due  to  the  presence  of  potassium  as  an  impufity,  but  also 
to  an  inquiry  as  to  whether  the  sodium  salts  acted  upon  the  bottles 
and  liberated  potassium,  even  though  the  calcium  salts  did  not. 

To  settle  this  latter  point,  some  of  the  bottles  were  completely 
covered  with  paraffin  on  the  inside,  so  that  the  solution  could  not 
come  in  contact  with  the  glass.  The  two  succeeding  experiments 
were  conducted  in  such  paraffined  bottles. 

Experiment  XII. 

Wheat  Grown  from  July  27  to  August  8,  1906. 
(Solids,  about  450  p.  p.  m.  of  solution.) 


Special  Additions. 

From 
Each  Bottle. 

AVERAOE 

Pbb  Bottle. 

Relative. 

1 

Trans-   I    Green 

piration. ,  weight. 

1 

Trans- 
piration. 

Green 
weight. 

Trans- 
piration. 

Green 
weight. 

8  p.  p.  m.  of  K  in  K,  SO4 

8  p.  p.  m.  of  K  in  Kg  SO4,  and 
12  p.  p.  m.  of  Na  in  Na,  SO4.. 

8  p.  p.  m.  of  K  in  K3  SO4,  and 
26  p.  p.  m.  of  Ca  in  Ca  SO4. . . 

121 
119 

125 
144 

128 
119 

2.82 
3.01 

3.18 
3.29 

2.91 

2.88 

120 
135 
123 

2.92 
3.23 
2.90 

100 
113 
103 

100 

111 

99 
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Experiment  XIII. 
Wheai  Orwjm  from  August  16  to  31,  1906. 
(Solids,  about  460  p.  p.  m.  of  soluti  on.) 


Special  Aooitions. 

From 
Each  Bottle. 

Atbbaok 
Pbb  Bottle. 

Relatttb. 

TranA- 
piration. 

Green 
weight. 

Tmna- 
piiution. 

Green 
weight. 

Tran». 
piiuUon. 

Green 
weight. 

8p.  p.m.  of  Kin  K  a 

8  p.  p.  m.  of  K  in  KQ,  and 
12  p.  p.  m.  of  Na  in  Na,  SO4. . 

260 
260 

318 
256 

5.31 
5.30 

6.18 
5.25 

260 
288 

5.30 
6.71 

100 
111 

100 
108 

It  may  be  seen  by  reference  to  the  above  tables  that  there  was  an 
increase  of  about  ten  per  cent.,  in  transpiration  and  green  weight, 
when  the  deficient  amount  of  potassium,  whether  in  chlorid  or  sulfate, 
was  supplemented  by  sodium  sulfate;  in  spite  of  the  fact  that  the 
bottles  were  covered  with  paraffin,  which  would  preclude  the  possi- 
bility of  the  liberation  of  potassium  from  the  glass,  by  the  action  of 
the  sodium  salt. 

Calcium  sulfate  was  used  in  one  of  the  series  of  experiment  XII, 
but  it  failed  as  usual  to  produce  a  gain. 

In  view  of  the  persistent  gains  from  the  use  of  sodium  in  connec- 
tion with  a  deficient  amount  of  potassium,  when  the  kinds  and 
amounts  of  the  foundation  nutrients  employed  were  those  which 
experience  had  shown  were  adapted  to  the  satisfactory  growing  of 
wheat  seedlings,  it  seemed  desirable  to  change  the  relation  of  the 
amounts  of  these  nutrients  in  order  to  see  if  sodium  would  still  prove 
beneficial.  The  amounts  of  the  foundation  nutrients  employed  in 
certain  of  the  experiments  previously  recorded,  were  equal  to  one-half 
and  again  to  twice  those  used  in  connection  with  the  usual  solution 
containing  about  450  p.  p.  m.,  thus  giving  rise  to  a  wide  variation 
in  the  ratio  between  the  potassium  and  the  general  foundation  nutri- 
ents; but,  aside  from  the  special  addition  of  calcium,  recorded  in  the 
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tables,  the  relative  amounts  of  calcium,  magnesium,  phosphorus,  and 
nitrogen  remained  imchanged.  It  was  deemed  wise,  therefore,  in 
view  of  the  importance  which  is  frequently  attributed  to  a  certain 
physiological  balance  of  the  elements,  to  conduct  the  following  ex- 
periments for  studying  this  question  in  connection  with  its  bearing 
upon  the  efifects  of  sodium. 

Experiment  XIV. 

Wheat  Grown  from  September  10  to  24,  1906. 

(Solids.  450  to  800  p.  p.  m.  of  solution.) 


Special.  Additions. 


From 
Each  Bottle. 


Trans- 
piration 


1 


1^ 


1 

§0. 

i 


} 


32  p.  p.  m.  K  in  K  CI.. 


8p.  p.m.  Kin  KCl. 


8  p.  p.  m.  K  in  K  CI.  and 
12  p.  p.  m.  Na  in  Naj  SO4.. . 


8  p.  p.  m.  Kin  KCl. 


8  p.  p.  m.  K  in  K  CI,  and 
12  p.  p.  m.  Na  in  Na,  SO4. . 


8  p.  p.m.  Kin  KCl. 


8  p.  p.  m.  K  in  K  CI,  and 
12  p.  p.  m.  Na  in  Naj  SO4. . 

8  p.  p.m.  Kin  KCl 


8  p.  p.  m.  K  in  K  CI  and 
12  p.  p.  m.  Na  in  Na^  SO4. . 


221 
227 

147 
175 

169 
155 

148 
162 

164 
165 

153 
142 

137 
153 

145 
136 

163 
148 


Green 
weight. 


AVERAOB 

Per  Bottle. 


Trans-      Green 
piration ,  weight 


5  84 
5.93 

224 

4.06 
4.32 

161 

4.40 
4.32 

162 

4.13 
4.00 

155 

4.13 
4.23 

165 

4.12 
4  10 

147 

4.13 
4.23 

145 

4.04 
3.64 

140 

4.50 
4  06 

156 

5.89 


4.19 


4. J 


4.06 


4.18 


4.11 


4.18 


3.84 


4.28 


Relative. 


Trans 
piration 


100 


72 


72 


70 


74 


66 


65 


63 


70 


Qreen 
weight. 


100 


71 


74 


69 


71 


70 


71 


65 


73 
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The  table  shows  the  effect  of  an  addition  of  sodium  to  a  deficient 
amount  of  potassium  in  connection  with  the  different  relative  amounts 
of  calcium  nitrate  and  mono-calcium  phosphate,  the  amount  of  mag- 
nesium sulfate  remaining  unchanged.  It  should  be  noticed  at  the 
outset  that  the  effect  of  sodium  in  this  particular  experiment  was 
much  less  in  connection  with  the  usual  amounts  of  nitrogen  and 
phosphorus  than  in  the  experiments  recorded  previously;  in  fact, 
the  transpiration  was  not  increased  at  all  by  the  addition  of  sodium, 
and  the  green  weight  only  slightly.  Had  the  increase  due  to  sodium 
been  as  marked  as  usual,  there  would,  perhaps,  have  been  more 
opportunity  for  the  variations  in  the  relation  of  the  nitrogen  and 
phosphorus  to  have  exerted  an  appreciable  effect  upon  that  increase. 

Under  the  circumstances,  the  only  gain  of  sufficient  magnitude 
to  be  of  a  positive  nature  in  the  four  instances  when  sodium  was 
used  to  supplement  the  small  amount  of  potassium,  occurred  in  the 
last  comparison,  when  the  usual  amounts  of  nitrogen  and  phos- 
phorus were  both  doubled.  Here  the  increase  in  transpiration  and 
green  weight  amounted  to  12  per  cent. 

The  results  show  that  doubling  the  usual  amount  of  nitrogen  and 
again  of  phosphorus  exerted  only  a  slight  influence,  but  it  was  suffi- 
ciently uniform  in  direction  to  warrant  a  passing  notice.  The  average 
green  weights  in  three  of  the  four  instances  where  comparisons  are 
possible,  were  slightly  less  when  the  amount  of  nitrogen  was  doubled. 
The  same  was  true  when  the  phosphorus  was  doubled. 

The  effect  of  doubling  the  amounts  of  both  phosphorus  and  nitrogen 
admit  of  the  following  observations:  in  connection  with  the  deficient 
amount  of  potassium,  without  sodium,  there  was  a  considerable  de- 
pression in  the  average  green  weight,  namely:  from  4.19  to  3.84 
grams;  whereas,  there  was  scarcely  any  depression  when  the  sodium 
was  also  present. 

These  results  indicate  that,  in  connection  with  8  p.  p.  m.  of  pot- 
assium, the  amounts  of  nitrogen  and  phosphorus,  which  were  usually 
employed  were  at  least  sufficient  to  meet  the  requirements  of  the 
plants. 
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Experiments  XV  and  XVI,  which  are  next  recorded,  not  only 
present  some  data  as  to  the  effect  of  increasing  the  amount  of  mag- 
nesium, but  they  also  furnish  an  opportunity  for  studying  the  effect 
of  doubling  the  amounts  of  nitrogen  and  phosphorus  in  connection 
with  twice  the  amount  of  magnesium  previously  used. 

Experiment  XV. 
Wheat  Grown  from  October  2  to  18,  1906. 
(Solids,  450  to  800  p.  p.  m.  of  solution.) 


From 
Each  Bottle. 

Atebaqe. 
Per  Bottle. 

Relative. 

CyrUVlAMj  AD0I110NB. 

Tran8- 
piration 

Green 
weight. 

Tiane- 
pinttion 

Green 
weight. 

Trans-     Green 
piration   weight. 

1 

0^' 

1 

1 

'  U8ual  amount  of  Mg. 

32  p.  p.  m.  Kin  KCl 

Tvnce  usual  amount  Mg. 
32  p.  p.m.  Kin  KCl 

8  p.  p.  m.  K  in  K  CI 

210 
190 

232 
207 

195 
187 

181 
180 

167 
171 

167 
183 

176 
174 

175 
177 

5.40 
5.17 

6.04 
5.59 

4.61 
4.56 

4.36 
4.43 

3.93 
4.42 

4.12 
4.12 

4.25 
4.24 

4.70 
4.27 

200 

219 
191 
181 

169 
175 

175 
176 

5.27 

5.81 
4.58 
4.40 

4.18 
4.12 

4.25 
4.49 

100 

109 
95 
90 

84 

87 

87 
88 

100 

111 

87 

8  p.  p.  m.  K  in  K  a,  and 
12  p.  p.  m.  Na  in  Na2  SO4 

'  Usual  amount  of  Mg. 

8  p.  p.  m.  K  in  K  CI 

83 
79 

1 

1 

8  p.  p.  m.  K  in  K  CI,  and 
12p.p.m.  NainNajS04 

Twice  usual  amount  of  Mg. 
8  p.  p.  m.  K  in  K  CI 

78 
81 

8  p.  p.  m.  K  in  K  CI,  and 
12  p.  p.  m.  Na  in  Naj  SO4.. . . 

85 
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EXPESIMENT  XVI. 

Wheat  Qrown  from  November  13  to  30,  1906. 
(Solids,  450  to  800  p.  p.  m.  of  solution.) 


Fboh 
Each  Bottlb. 

AVBBAOE 

Pe«  BoniiE. 

SFKCIAIi  ADDinONB. 

Tmns-     Green 
pixation   weight. 

Trans- 
piraUon 

Given 
weight. 

1 
Trans-  J 
pixation 

Green 
weight. 

1 

1 

1 

••* 

1 

Usual  amount  of  Mg, 
32  p.  p.  m.  Kin  KG 

Twice  usual  amount  of  Mg. 
32  p.  p.  m.  K  in  K  CI 

8  D.  p.  m.  K  in  K  CI 

149 
153 

141 
153 

159 
132 

147 
138 

151 
167 

176 
150 

152 
150 

150 
145 

3.94 

4.28 

3.32 
4.65 

3.64 
3.28 

3.58 
3.44 

3.85 
3.47 

3.79 
3.65 

3.42 
3.60 

3.34 
3.75 

151 

147 
146 
142 

159 
163 

151 
148 

4.11 

3.98 
3.46 
3.51 

3.66 
3.72 

3.51 
3.55 

100 

97 
96 
94 

105 
108 

100 
98 

100 

97 

84 

8  p.  p.  m.  K  in  K  CI,  and 
,    12p.p.m.NainNasS04 

Usual  amount  of  Mg, 
8  D.  D.  m.  K  in  K  CI 

85 
89 

8  p.  p.  m.  Kin  KG.  and 
12  p.  p.  m.  Na  in  Na«  SO4 

TxDvce  usual  amount  of  Mg. 
8  D.  D.  m.  K  in  K  CI    

91 
85 

8  p.  p.  m.  K  in  K  CI,  and 
I    12  p.  p.  m.  Na  in  Na,  SO4 

86 

Experiment  XV  indicated  a  depression  in  yield  when  the  usual 
amount  of  nitrogen  and  phosphorus  was  doubled,  in  connection  with 
twice  the  usual  amount  of  magnesium  and  8  p.  p.  m.  of  potassium 
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unsupplemented  by  sodium;  whereas  experiment  XVI  indicated 
slightly  the  reverse.  When  the  potassium  was  supplemented  by 
sodium,  however,  there  was  no  average  depression  caused  in  case  of 
either  experiment  by  adding  extra  nitrogen  and  phosphorus.  On 
the  whole  it  does  not  appear  that  the  amounts  of  phosphorus  and 
nitrogen,  which  have  been  used  in  most  of  the  experiments,  were 
unsuited  to  the  needs  of  the  plants. 

The  effect  of  doubling  the  amount  of  magnesium  in  connection  with 
twice  the  usual  amount  of  nitrogen  and  phosphorus  was  slight  in  both 
experiments,  and  as  it  did  not  exert  itself  in  the  same  direction  in 
each  case,  no  further  mention  of  it  is  warranted. 

Six  opportunities  are  afforded  by  the  two  experiments  under  dis- 
cussion, for  comparing  the  yields  when  8  p.  p.  m.  of  potassium  were 
used  alone,  with  those  when  the  same  amount  was  supplemented  by 
sodium,  but  whenever  there  was  an  apparent  benefit  from  sodium,  it 
was  so  slight  as  to  scarcely  exceed  the  limit  of  error.  Attention 
should  be  called  to  the  fact  that  the  last  three  experiments  were  con- 
ducted after  the  tenth  of  September,  when  climatic  conditions  had 
changed  considerably,  and  were  unsatisfactory  for  rapid  growth  of 
the  plants.  It  may  be  noticed  that  the  depression  in  growth  caused 
by  using  the  one-fourth  ration  (8  p.  p.  m.)  of  potassium  was  less  than 
formerly,  indicating  that  under  such  poor  conditions  for  growth,  the 
deficiency  of  this  element  may  not  have  been  sufficiently  great  to 
bring  out  the  usual  helpful  influence  of  the  sodium. 

The  two  experiments  which  follow  show  the  effects  of  not  only 
doubling  but  quadrupling  the  amount  of  magnesium,  in  connection 
with  the  small  amount  of  potassium  supplemented  by  sodium. 
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Experiment  XVII. 

Wheai  Grown  from  September  15  to  October  1,  1906. 
(Solids,  about  450  to  700  p.  p.  m.  of  solution.) 


Special  Additions. 

Fbom 
Each  Bottle. 

Average 
PmBoniiB. 

.Rblattve. 

Trans- 
piimtion. 

Green 
weight. 

Trane- 
pixation. 

Green 
weight. 

Tmns- 
piration. 

Green 
weight 

32  p.  p.  m.  of  K  in  K  CI 

8  p.  p.m.  of  K  in  K  a 

8  p.  p.  m.  of  K  in  K  Ci,  and 
12  p.  p.  m.  of  Na  in  Naj  SO4. . 

8p.  p.  m.  of  KinKa 

12  p.  p.  m.  of  Na  in  Naj,  SO4, 
and  an  extra  ration  of  Mg. 

8  p.  p.  m.  of  Kin  KQ 

12  p.  p.  m.  of  Na  in  Na^  SO4, 
and  three  extra  rations  of 
Mg. 

310 
321 

228 
237 

272 
229 

282 
265 

217 
217 

6.64 
7.00 

4.61 
4.65 

5.05 
4.59 

5.21 
5.01 

4.46 
4.60 

315 
233 
250 
273 

217 

6.82 
4.63 
4.82 
5.11 

4.53 

135 
100 
107 
117 

93 

147 
100 
104 
110 

96 
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Experiment  XVIII. 

Wheat  Grown  from  September  25  to  October  11,  1906. 

(Solids,  about  450  to  700  p.  p.  m.  of  solution.) 


• 

Special  Addxtiokb. 

Fbom 
Each  Bottle. 

Ateraob. 
Per  Bottle. 

Relative. 

Trana- 
piration. 

Green 
weight. 

Trana- 
piration. 

Oreen 
weight. 

Trans- 
pixataon. 

Green 
weight. 

8  p.  p.  m.'  K  in  K  CI 

8  p.  p.  m.  K  in  KCl,  and 
12  p.  p.  m.  Na  in  Naj  SO4. . . 

8  p.  p.  m.  K  in  K  a 

12  p.  p.  m.  Na  in  Na^  SO4, 
and  an  extra  rations  of  Mg. 

8  p.  p.  m.  K  in  K  CI, 

12   p.  p.  m.  Na  in  Na,  SO4, 
and  three  extra  rations  of 
Mg. 

195 
182 

179 
191 

190 
178 

176 
180 

4.44 
4.74 

4.88 
5.06 

4.99 
4.83 

4.52 
5.02 

189 
185 
184 

178 

4.59 
4.97 
4.91 

4.77 

100 
98 
98 

95 

100 
109 
107 

104 

In  the  two  foregoing  experiments  the  addition  of  sodium  to  the  defi- 
cient amount  of  potassium  resulted  in  an  increase  in  the  green  weight. 

In  experiment  XVII  there  appeared  to  be  some  benefit  from  doub- 
ling the  magnesium,  but  this  is  the  only  instance  in  either  experiment 
when  any  benefit  resulted  from  its  increase.  In  the  last  series  of 
each  experiment  there  was  an  apparent  depression  when  the  usual 
amount  of  magnesium  was  quadrupled. 

It  was  previously  suggested  that  the  failure  of  the  sodium  to  cause 
the  usual  increase,  when  supplementing  8  p.  p.  m.  of  potassium,  in 
the  case  of  certain  of  the  experiments  which  were  conducted  in  the 
fall  under  conditions  inclined  to  depress  photosynthesis,  was  possibly 
because  this  amount  of  potassium  was  not  sufliciently  small  to  result 
in  a  marked  deficiency.  Accordingly  the  following  experiment  was 
conducted  in  which  only  4  p.  p.  m.  of  potassium  were  added  in  certain 
series.    The  pnly  available  place  for  conducting  the  experiment  at 


18 
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the  particular  time,  was  in  the  chemical  laboratory,  where  the  con- 
ditions were  unfavorable  for  photosynthesis  and  where  the  growth 
was  very  slow. 

EXPERnCENT  XIX. 

Wheat  Graton  from  November  30  to  December  21,  1906. 

(Solids,  450  to  550  p.  p.  in.  of  solution.) 


From 
Each  Bottlk. 

AyKKAQB 

Pbb  Bottle. 

Rklatxtb. 

Special  Additions. 

Trans- 

Oreen 

Trans- 

Green 

Tran^ 

Green 

piration. 

weight. 

piration. 

weight. 

piratkm. 

,  weight. 

1 

32  p.  p.  m.  of  K  in  K  C3 

162 
153 

4.94 
4.86 

158 

4.90 

100 

1 

100 

8  p.  p.  m.  Kin  K  CI 

123 
123 

3.43 
3.78 

123 

3.60 

78. 

74 

8  p.  p.  m.  K  in  Kd,  and 
12  p.  p.  m.  in  Na  in  Na^  SO4 . 

122 
125 

3.58 
3.72 

124 

3.65 

78 

75 

4  p.  p.  m.  K  in  K  CI 

100 
98 

2.71 
2.79 

99 

2.75 

63 

56 

4  p.  p.  m.  K  in  K  a,  and 
14  p.  p.  m.  Na  in  Na^  SO4 

120 
117 

3.27 
3.53 

119 

3.40 

75 

69 

Bach  series  below  had  an  extra 

ration  of  Mg. 

32  p.  p.  m.  K  in  K  Ci 

160 
149 

4.88 
4.71 

155 

4.80 

98 

96 

8p.  p.m.  Kin  Kd 

120 
118 

3.71 
3.52 

119 

3.61 

76 

74 

8  p.  p.  m.  K  in  K  CI,  and 
12  p.  p.m.  Na  in  Na,  SO4.. 

123 
120 

3.66 
3.38 

122 

3.52 

77 

72 

4  p.  p.  m.  Kin  KCi 

99 
103 

2.76 
3.01 

101 

2.88 

64 

50 

4  p.  p.  m.  K  in  K  a,  and 
14  p.  p.  m.  Na  in  NaaS04 

96 
104 

3.01 
3.02 

100 

3.02. 

63 

62 
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The  above  experiment  shows  no  advantage  from  adding  sodium  to 
8  p.  p.  m.  of  potassium,  either  with  the  usual,  or  twice  the  usual, 
amount  of  magnesium;  in  connection  with  only  4  p.  p.  m.  of  pot- 
assium, however,  there  was  a  distinct  increase  in  transpiration  and 
green  weight  when  sodium  was  added  and  the  magnesium  remained 
as  usual;  yet,  even  with  only  4  p.  p.  m.,  the  advantage  from  sodium 
largely  disappeared  when  the  extra  ration  of  magnesium  was  present. 
(Compare  the  last  two  series). 

The  only  instance  of  any  appreciable  effect  from  increasing  the 
magnesium  was  in  connection  with  the  4  p.  p.  m.  of  potassium,  plus 
sodium,  when  a  depression  occurred. 

The  reader  may  have  noticed  that  the  specific  effect  of  sodium 
seems  to  have  been  frequently  somewhat  influenced  by  the  amount 
of  magnesium  present,  and  a  winter  glass-house  having  become 
available,  where  satisfactory  growth  was  possible,  the  two  following 
duplicate  experiments  were  conducted  therein,  with  the  hope  of 
settling  this  particular  phase  of  the  question. 
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Experiment  XX. 

Wheat  Qrovm  from  January  23  to  February  9,  1907. 

(Solids,  450  to  550  p.  p.  m.  of  solution.) 


Special  Additions. 

Fbom 
Each  Bottle. 

Atkraob 
Pn  Bottle. 

Trans- 

Green 

Timna- 

Green 

Trans- 

Qnm 

piration. 

weight. 

piration. 

weight. 

piration. 

weight. 

32  p.  p.  m.  Kin  KCl 

177 
183 

4.15 
4.47 

180 

4.31 

100 

100 

8p.  p.m.  Kin  KQ 

108 
144 

2.68 
3.04 

126 

2.86 

70 

66 

8  p.  p.  m.  K  in  KCl,  and 

137 

3.06 

12p. p. m.  Nain  Na,  SO4  . . . . 

152 

3.23 

145 

3.14 

81 

73 

4  p.  p.  m.  K  in  K  CI 

117 
109 

2.55 
2.58 

113 

2.57 

63 

60 

4  p.  p.  m.  K  in  KCl,  and 
14p.p.m.NainNa3S04 

123 
124 

2.93 
2.69 

124 

2.81 

69 

65 

Each  series  below  had  an  extra 

ration  of  Mg. 

8  p.  p.  m.  Kin  KQ 

131 
119 

2.65 
2.70 

125 

2.67 

69 

62 

8  p.  p.  m.  K  in  K  a,  and 
12p.  p.  m.  Nain  Na,  SO4 

156 
131 

3.61 
2.95 

144 

3.28 

80 

76 

4  p.  p.  m.  K  in  KCl 

107 
95 

2.57 
2.22 

101 

2.40 

56 

56 

4  p.  p.  m.  K  in  KCl,  and 
14p.p.m.NainNa2S04 

147 
139 

3.22 
2.97 

143 

3.10 

80 

72 
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Experiment  XXI. 


Wheat  Grown  from  February  11  to  27,  1907. 
(Solids,  450  to  550  p.  p.  m.  of  solution.) 


Special  Additions. 

From 

AVERAOB 

Per  Bottle. 

Relative. 

Trans- 

Green 

TranB- 

Green 

Trane- 

Green 

piration. 

weiicht. 

piration. 

weifsht. 

piratioD. 

weight. 

32  p.  p.  m.  K  in  K  CI 

215 
197 

5.34 
5.06 

206 

5.20 

100 

100 

8  p.  p.  m.  Kin  KQ 

148 
160 

3.56 
4.03 

154 

3.79 

75 

73 

8  p.  p.  m.  K  in  KCl,  and 
12  p.  p.  m.  Na  in  Nag  SO4. . . 

182 
166 

4.49 
4.08 

174 

4.29 

84 

83 

4  p.  p.  m.  Kin  K a 

118 
131 

2.92 
3.23 

125 

3.07 

60 

59 

4  p.  p.  m.  K  in  KCl,  and 
14  p.  p.m.  Nain  Na2S04... 

160 
156 

3.74 
3.75 

158 

3.75 

77 

72 

Each  series  below  had  an  extra 

ration  of  Mg, 

8  p.  p.  m.  K  in  K  a 

153 
152 

3.83 
3.85 

153 

3.84 

74 

74 

8  p.  p.m.  KinKa 

12  p.  p.m.  Nain  Na2S04... 

173 
173 

4.11 
4.19 

173 

4.15 

84 

80 

4  p.  p.  m.  K  in  K  CI 

120 
104 

3.29 
3.06 

112 

3.18 

54 

61 

4  p.  p.  m.  K  in  KCl,  and 
14  p.  p.  m.  Na  in  Na^  SO4. . . 

148 
138 

3.58 
3.30 

143 

3.44 

69 

66 

Digitized  by  VjOOQIC 


330  R.  1.  Agl.  Expt.  Sta.  Rept.,  1907. 

It  may  be  seen  by  reference  to  the  two  preceding  tables  that  twice 
the  customary  amount  of  magnesium  was  added  in  the  last  four 
series  of  each  experiment,  but  the  only  instance  when  this  extra 
magnesium  produced  any  marked  effect  was  in  connection  with 
4  p.  p.  m.  of  potassium,  plus  the  sodium;  and  even  then  the  effects 
in  the  two  experiments  were  contradictory,  being  beneficial  in  the 
former  experiment  and  detrimental  in  the  latter. 

In  these  two  experiments,  during  which  the  conditions  for  active 
growth  were  satisfactory,  the  reduction  in  the  amount  of  potassium 
to  a  quarter  ration,  resulted  in  a  depression  of  from  26  to  38  per  cent, 
in  the  green  weight,  whereas  in  most  of  the  experiments  conducted 
in  the  fall,  under  unfavorable  conditions  for  rapid  growth,  the  de- 
pression was  much  less  with  this  amount.  Sodium  does  not  seem  to 
act  beneficially  unless  there  is  a  considerable  deficiency  of  potassium. 
A  still  further  reduction  of  potassiimi  to  4  p.  p.  m.  resulted  in  a  total 
depression  in  green  weights  of  from  39  to  44  per  cent.,  but  the  yellow 
color  of  the  plants  in  the  various  series  receiving  this  amount  of 
potassium,  but  no  sodium,  indicated  that  they  suffered  too  much 
from  a  lack  of  potassium.  Marked  gains  in  transpiration  and  green 
weight  occurred  in  the  eight  instances  in  these  two  experiments, 
when  deficient  amounts  of  potassium  were  supplemented  by  sodium. 

It  appears,  therefore,  as  though  the  occasional  advantages  which 
seemed  to  result  from  an  increase  in  the  amount  of  magnesium  when 
conditions  were  unfavorable,  do  not  manifest  themselves  under  satis- 
factory circumstances,  and  that  an  increase  in  the  amount  of  this 
element  over  that  which  had  been  used  in  most  of  the  experiments, 
resulted  on  the  whole  in  no  particular  advantage.  It  is  evident, 
also,  that  additional  amounts  of  magnesium  and  calcium  did  not 
offset  in  a  positive  degree  the  depression  resulting  from  a  reduction 
in  the  amount  of  potassium.  The  sodium,  however,  was  of  great 
service  in  this  respect. 

It  was  thought  advisable  to  ascertain  if  any  different  conclusions 
would  be  drawn  concerning  the  general  effect  of  sodium,  if  the  oven- 
dry  weights  as  well  as  the  green  weights  of  the  wheat  plants  were 
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secured.  To  throw  light  upon  this  matter,  the  oven-dry  weights 
were  obtained  in  addition  to  the  green  weights  which  were  recorded 
in  experiments  XX  and  XXI.  These  are  included  in  the  following 
table. 

Table  giving  the  average  weight  of  oven-dry  tops  and  roots  per 
bottle  (ten  plants)  of  wheat  grown  in  experiments  XX  and  XXI. 


Oven-dry  Weioht,  Qraiu. 

Special  Additions. 

Tope. 

Roots. 

Oven-dry  tops. 

M- 

^. 

Exp. 
XX. 

^. 

^: 

Exp. 
XXI. 

32  p.  p.  m.  K  in  K  a 

.463 

.590 

.202 

.359 

100 

100 

8  p.  p.m.  KinKCl 

.349 

.480 

.169 

.261 

75 

81 

8  p.  p.  m.  K  in  K  a,  and  ) 
12p.p.  m.  NainNatSOf.  ) 

.381 

.517 

.166 

.308 

82 

88 

4  p.  p.  m.  K  in  K  a 

.332 

.467 

.154 

.264 

72 

79 

4  p.  p.  m.  K  in  K  CI,  and  ( 
14  p.  p.  m.  Na  in  Na^  SO4.  ) 

.394 

.498 

.169 

.289 

85 

84 

Each  series  bdow  had  an  extra 

raHon  of  Mg, 

8  p.  p.m.  K  inKa 

.323 

.368 

.155 

.207 

70 

60 

8  p.  p.  m.  K  in  K  a,  and  ) 
12p.p.m.NainNasS04.  J 

.330 

,445 

.156 

.254 

71 

76 

4  p.  p.  m.  K  in  K  a 

.298 

.386 

.139 

.227 

64 

65 

4  p.  p.  m.  K  in  K  a,  and  ) 
14p.p.m.  NainNasS04.  f 

.377 

.414 

.161 

.227 

81 

70 

The  relative  weights  of  oven-dry  tops,  although  differing  somewhat 
from  the  relative  green  weights  previously  recorded  in  experiments 
XX  and  XXI,  as  would  be  expected  in  consideration  of  the  differences 
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in  vigor  of  the  plants  in  certain  of  the  series,  do  not,  nevertheless, 
lead  to  any  different  conclusions  concerning  the  effect  of  sodium 
from  those  arrived  at  from  an  inspection  of  the  green  weights. 

Calculations  were  made  to  determine  the  ratio  of  the  oven-dry 
roots  to  the  tops  in  the  various  series,  but  no  constant  differences  in 
this  respect  appeared  to  result  from  the  various  additions. 

In  the  experiments  thus  far  recorded,  in  which  potassium  chlorid 
or  sulfate  has  been  supplemented  by  sodium  chlorid  or  sulfate,  and 
again  by  calcium  chlorid  or  sulfate,  the  aim  has  been  to  reduce  the 
amount  of  potassium  to  such  an  extent  in  certain  of  the  series,  that 
the  added  sodium  would  have  every  opportunity  to  be  useful.  It 
has  been  shown  that  when  the  potassium  was  omitted  to  such  an 
extent  as  to  cause  a  reduction  in  growth  of  about  30  per  cent.,  the 
addition  of  sodium  rarely  failed  to  cause  an  increase  in  yidd.  The 
amount  to  which  potassium  had  to  be  reduced  in  order  to  create  a 
deficiency  so  marked  that  the  addition  of  sodium  resulted  in  a  benefit, 
depended,  as  would  be  expected,  upon  the  temperature  and  sunlight 
conditions.  When  the  total  solids  equalled  about  450  p.  p.  m.  of 
solution,  there  was  very  little  evidence  of  benefit  by  adding  sodium 
to  32  p.  p.  m.  of  potassium.  Under  conditions  for  rapid  growth,  a 
reduction  in  potassium  to  one-fourth  this  amount  (8  p.  p.  m.),  usually 
caused  a  depression  which  was  so  marked  that  good  results  followed 
the  addition  of  sodium;  but  under  less  favorable  conditions  the 
amount  of  potassium  had  to  be  limited  to  4  p.  p.  m.,  before  large 
gains  resulted  from  the  addition  of  sodium.  In  the  experiments 
which  will  now  be  recorded,  wherein  potassium  carbonate  was  sup- 
plemented by  sodium  carbonate,  the  amounts  of  potassium  were  so 
large  that  sodium  could  not  be  expected  to  act  beneficially.  They 
serve  rather  to  present  conditions  under  which  the  supplementation 
of  potassium  by  sodium,  results  in  no  benefit. 

Upon  first  making  the  observations  that  the  addition  of  sodium 
to  a  deficient  amount  of  potassium  in  solution  resulted  in  a  gain,  it 
was  thought  that  possibly  the  sodium  salt  had  indirectly  improved 
the  reaction  of  the  solution,  and  numerous  titrations  were  made  to 
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determine  the  alkalinity  or  acidity  of  the  solutions  in  which  the 
wheat  had  grown.  It  was  found  that  the  largest  plants  produced  the 
most  alkaline  solutions^  but  that  the  increase  in  alkalinity  for  a  given 
increase  in  growth,  was  the  same  whether  the  larger  growth  was  caused 
by  the  addition  of  sodium  or  extra  potassium.  In  other  words,  the 
extent  of  the  alkalinity  seemed  to  depend  upon  the  amount  of 
growth,  regardless  of  whether  it  was  caused  by  the  addition  of  sodium 
or  of  potassium,  to  a  deficient  amount  of  the  latter.  Owing  to  the 
natural  tendency  of  the  wheat  seedlings  to  change  the  reaction  of  the 
solution  towards  alkalinity,  it  seemed  quite  possible  that  the  addition 
of  sodium  in  carbonate  might  result  in  an  undesirable  degree  of 
alkalinity,  and  in  the  experiments  with  the  carbonates  which  follow, 
special  attention  was  given  to  this  point: 


19 
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EZPERIlfBNT  XXII. 

Wheat  Oraum  from  Augtut  4  to  18,  1906. 


Fbom 

EUCH  BOTTLM. 

AVSBAGK 

Pbe  Bottle. 

RxLAXfVX. 

SpBCIAIj  ADDmOMS. 

Timn*- 

Oreeo 

Tian»- 
[^imtioii. 

Green 
weiglit. 

Tnuie- 
pinttkm. 

Green 
weiffbt. 

Solid$,  about  225  p.  p.  m. 

32  p.  p.  m.  K  in  KjCJO, 

246 
253 

4.52 
4.34 

249 

4.43 

100 

100 

32  p.  p.  m.  K  in  K,CJO,,  and 
4  p.  p.  m.  NainNa.CJO,... 

230 
223 

4.65 
4.42 

226 

4.54 

91 

103 

8p.  p.  m.  KinK.CJO, 

256 
228 

3.95 
3.53 

242 

3.74 

97 

84 

8  p. p.m.  K  in  K,CO,,  and 
4p.  p.  m.  Na  inNa.CX),... 

257 
233 

3.92 
3.86 

245 

3.89 

98 

88 

Solids,  about  460  p.  p.  m* 

. 

64  p.  p.m.  KinKjCO, 

237 
256 

5.48 
5.90 

246 

5.69 

99 

128 

64  p.  p.  m.  K  in  K^CO,,  and 
4  p.  p.m.  Na  inNa,CO,... 

259 
281 

5.46 
tf.l3 

270 

5.79 

108 

131 

16  p.  p.  m.  K  in  K,CO, 

264 
245 

4.61 
4.56 

254 

4.58 

102 

103 

16  p.  p.  m.  K  in  K^CO,,  and 
4  p.  p.  m.  Na  in  Na^CO, . . . 

251 
263 

4.50 
4.68 

257 

4.59 

103 

104 

*  The  amount  of  mono-oaloinm  phosphate 
with  this  amount  of  solids,  whieh  necessitated 
carbonate  in  order  not  to  cause  a  precipitation. 


was  one-half  greater  than  usually  employed 
the  addition  of  smaller  amounts  of  sodium 
The  same  is  true  of  experiment  XXIII. 
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EXPERIMSNT  XXIII. 
Wheat  Orown  from  Augtut  10  to  23, 1906. 


Spbcxal  Additions. 

Fbom 
Each  Bottlb. 

AySBAOB 

PbeBottlb. 

Rblaiiyb. 

Tnutf- 
pimtion. 

Qreen 
weiglkt. 

Timnit- 
pimtion. 

Green 
weight. 

Tmns- 
piration. 

Green 
weight. 

Solida,  about  225  p.  p.  m. 
32  p.  p.  m.  K  in  K,CO, 

32  p.  p.  m.  K  in  K,CO,,  and 
4  p.  p.  m.  Na  in  Na^CO,. . . 

8  p.  p.  m.  E  in  K,CO, 

8  p.  p.  m.  K  in  K,CO,,  and 
4  p.  p.  m.  Na  in  Na,CO,. . . 

8olid9,  about  450  p.  p.  m. 

64  p.  p.  m.  Kin  E,GO,.... 

64  p.  p.  m.  E  in  E,GO,,  and 
4  p.  p.  m.  Na  in  NajCO, . . . 

16p.p.m.Ein  E,CO, 

16  p.  p.  m.  E  in  E^GO,,  and 
4  p.  p.  m.  Na  in  Na,CO,. . . 

180 
182 

210 
195 

185 
181 

178 
194 

203 
215 

190 
238 

196 
203 

210 
213 

4.78 
4.56 

4.76 
4.58 

3.57 
3.56 

3.61 
3.49 

6.31 
6.18 

5.43 
6.65 

4.58 
4.84 

4.70 
4.88 

181 
202 
183 
186 

209 
214 
200 
211 

4.67 
4.67 
3.57 
3.55 

6.24 
6.04 
4.71 
4.79 

100 
112 
101 
103 

116 
118 
110 
117 

100 

100 

76 

76 

134 
129 
101 
103 
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In  the  two  preceding  experiments  there  was  practically  no  effect 
upon  the  green  weights,  from  the  addition  of  such  a  small  amount  of 
sodium  carbonate  to  8  p.  p.  m.  or  more  of  potassium. 

Potassium  at  the  rate  of  64  p.  p.  m.,  together  with  the  usual 
amount  of  nutrients  excepting  that  the  apioimt  of  mono-calcium 
phosphate  was  increased  one-half,  gave  about  30  per  cent,  more 
green  weight,  in  each  case,  than  32  p.  p.  m.  of  this  element  accom- 
panied by  about  one-half  the  total  solids;  in  fact  the  weights  in  the 
latter  case  were  no  larger  than  were  secured  by  using  16  p.  p.  m.  of 
potassium,  when  the  solids  were  about  twice  as  great.  It  is  highly 
probable  that  these  differences  are  due  not  alone  to  the  variations 
in  the  potassium,  but  that  some  of  the  other  ingredients  were  some- 
what deficient  when  only  about  225  p.  p.  m.  of  solids  were  present. 

Attention  should  be  directed  to  the  failure  of  the  relative  trans- 
piration figures  to  correspond  even  approximately  with  those  of  the 
green  weights  when  marked  variations  occur  in  the  amount  of 
potassium  carbonate.  The  average  reduction  in  green  weights,  due 
to  quartering  the  applications  of  potassium,  was  about  20  per  cent., 
whereas  the  transpiration  was  reduced  less  than  2  per  cent. 
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EXPBBniSNT  XXIV. 

Wheat  Orown  from  AuguH  29  to  September  14,  1906. 
(Solids,  about  450  p.  p.  in.  of  solution.) 


Spbcial  Additions. 

Fbom 
Each  BoniiK. 

AySBAOB 

Pbe  Botii«e. 

RsLAnys. 

Tnuu- 

Green 

Trane- 

Green 

Timne- 

Green 

piration. 

weight. 

piration. 

weight. 

piimtion. 

weight. 

64p.p.m.of  KinKjCO,. . . . 

228 
276 

6.95 
7.54 

261 

7.24 

100 

100 

64 p.  p.  m.  of  K in  E,GO,,  and 
14 p.  p.  m.  of  Na in  Na.GO,. . . 

.229 
229 

6.61 
6.51 

229 

6.66 

91 

91 

16p.p.ni.ofKinK,GO, 

206 
239 

5.38 
5.82 

223 

5.60 

89 

77 

16  p.  p.  m.  of  K  in  K,CO, ,  and 
14  p.  p.  m.  of  Na  in  Na.CO, . . 

215 
222 

6.47 
6.64 

219 

5.51 

87 

76 

About  neutraliud  by  HCl* 

16  p.  p.m.  K  inK.OO, 

235 
212 

6.66 
5.24 

223 

6.46 

89 

75 

16  p.  p.  m.  of  K  in  K,CO,.. . 
14  p.  p.  m.  of  Na  in  Na,00,. . 

229 
200 

6.00 
5.40 

216 

5.70 

86 

79 

Made  dighay  acid  by  ^CZf 

16  p.  p.  m.  of  K  in  K,CO,.. . 

230 
230 

5.84 
6.46 

230 

6.66 

92 

78 

16  p.  p.  m.  of  K  in  E3GO, ,  and 
14  p.  p.  m.  of  Na  in  Na.CO,.. 

270 
248 

6.01 
5.86 

269 

6.93 

103 

82 

*  The  amount  of  add  added  to  each  aeriee  was  sufBdent  to  make  neutral,  to  methyl  orange, 
the  series  oontaining  only  potassium. 

t  The  amount  of  add  added  to  eaoh  leries  was  suffident  to  make  the  addity  in  the  series 
eontaining  only  potasdum,  equal  to  y^^  by  methyl  orange,  which  was  the  indieator  used 
in  conneetion  with  this  work. 
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The  depression  in  the  green  weight,  which  appears  in  the  forgoing 
table  when  the  sodium  carbonate  was  used  to  supplement  64  p.  p.  m. 
of  potassium  in  potassium  carbonate,  did  not  occur  in  experiments 
XXII  and  XXIII  when  only  a  third  as  much  sodium  was  used. 

The  addition  of  the  small  amounts  of  acid  with  16  p.  p.  m.  of 
potassium  without  sodium  was  practically  without  effect.  When 
sodium  carbonate  supplemented  the  potassium,  however,  the  alka- 
linity seems  to  have  been  sufficiently  increased  so  that  some  possible 
advantage  resulted  from  adding  the  hydrochloric  acid;  for  the  series 
to  which  no  acid  was  added  gave  a  relative  green  weight  of  76;  the 
one  which  was  only  slightly  alkaline,  because  of  the  addition  of  a 
small  amoimt  of  acid,  gave  79;  and  the  slightly  acid  series  gave  82. 
These  differences  are  small  and  simply  served  to  suggest  the  advisa- 
bility of  the  experiments  which  follow,  in  which  different  amounts 
of  acid  are  used  in  connection  with  the  alkaline  carbonates. 
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EXPERIHENT  XXV. 

Wheat  Orawn  from  September  25  to  October  8,  1906. 
(Solids,  about  450  p.  p.  m.  of  solutioir.) 


Spbciai.  Additions. 

Fbom 
Each  Bottle. 

ATSaAQB. 

Feb  Bottle. 

Tr»n»- 

Green 

Trans- 

Green 

Trans- 

Green 

pimtion. 

weiffbt. 

piration. 

weight. 

piration. 

weight. 

16  p.  p.  m.  K  in  KjCOj 

Ill 
114 

3.91 
4.16 

112 

4.03 

100 

100 

16p.  p.  m.K  inK.CO, 

(Acidity  made  3?^  with  HCl) 

38 
33 

1.25 
1.25 

35 

1.25 

32 

31 

16  p.  p.  m.  K  in  K,CO, 

(Acidity  made  2?^  with  HQ) 

32 
27 

.95 
.92 

30 

.94 

26 

23 

16  p.  p.  m.  K  in  K.CO,,  and 
14  p.  p.  m.  Na  in  Na^CO, , . . 

37 
23 

1.19 
.86 

30 

1.02 

26 

25 

(Same  amount  HOI  added  as 

just  above.) 

16  p.  p.m.  KinK.CO, 

(Acidity  made  7?^  with  HQ) 

26 
30 

.76 
.84 

28 

.80 

27 

20 

The  above  experiment  shows  little  more  than  that  the  degree  of 
acidity  was  too  great,  and  caused  so  much  injury  to  the  plants  that 
only  an  abnormal  growth  occurred.  Preliminary  to  the  following 
experiment,  the  young  seedlings  were  allowed  to  grow  for  five  days 
in  a  uniform  nutrient  solution  containing  225  p.  p.  m.  of  solids. 
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EXPERIMSNT  XXVI. 

Wheat  Groton  from  October  1  to  16,  1906. 
(Solids,  about  450  p.  p.  m.  of  solution.) 


F*OM 

Each  Bottls. 

Atxraob 
Per  Bottle. 

Special  Addittons. 

Trans- 
piration. 

Green 
wei^t. 

Timns- 
piration. 

Green 

WMght. 

Tiane- 
piration. 

Green 
wei^t. 

16p.  p.m.  of  KinKjCJO,... 

133 
142 

4.13 
4.21 

138 

4.17 

100 

100 

Neutraliged  with  HCl 

16p.  p.m.  of  KinK.CO,... 

136 
162 

4.38 
4.68 

140 

4.48 

101 

107 

16  p.  p.  m.  of  K  in  K,00, ,  and 
14  p.  p.  m.  of  Na  in  Na,CX),. . 

148 
163 

4.41 
4.82 

161 

4.61 

109 

111 

AcidUy  made  j^ff  with  HCl 

* 

16  p.  p.  m.  of  K  in  K,00, . . . 

63 

62 

2.61 
2.66 

62 

2.63 

38 

63 

16  p.  p.  m.  of  K  in  K.CO, ,  and 
14  p.  p.  m.  of  Na  in  Na,CX3,.. 

39 
60 

2.36 
2.86 

49 

2.61 

36 

62 

AcidUy  made  7?^  with  HCl 

16p.  p.  m.  of  KinK.OO,... 

46 
44 

2.12 
2.14 

44 

2.13 

32 

51 

An  increase  in  green  weight  resulted  above,  when  the  solution 
containing  potassium  carbonate  was  made  neutral  with  hydrochloric 
acid.  With  an  acidity  equal  to  j?t  and  m  acid,  however,  the 
yield  was  again  very  much  reduced,  in  spite  of  the  fact  that  the 
seedlings  were  a  little  older  when  the  experiment  was  begun. 
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Experiment  XXVII. 
Wheat  Grovm  from  October  1  to  15,  1906. 
(Solids,  about  450  p.  p.  m.  of  solution.) 


From 
Each  Bottle. 

Average 
Per  Bottle. 

Relative. 

Special  Additions. 

Tran»- 
piration. 

Green 
weight. 

Trans- 
piration. 

Green 
weight. 

Trans- 
piration. 

Green 
weight. 

64  p.  p.m.  of  KinK.CX),... 

130 
139 

4.96 
5.29 

135 

5.12 

100- 

100 

64  p.  p.  m.  of  K  in  K,CX3, ,  and 
14  p.  p.  m.  of  Na  in  Na,CO,.. 
(Enou^  HQ  added  to  neu- 
tralize Na,CO,) 

146 
122 

5.28 
4.31 

134 

4.80 

99 

94 

16  p.  p.  m.  of  K  in  K.CX),... 

121 
122 

4.12 
4.16 

121 

4.14 

90 

81 

16  p.  p.  m.  of  K  in  KjCX), ,  and 
14  p.  p.  in.  of  Na  in  Na,(X), . . . 

114 
120 

3.94 
3.92 

117 

3.92 

87 

77 

Neutralized  wUh  HCl 

16  p.  p.  m.  of  K  in  K,CO,... 

112 
123 

3.96 
4.00 

117 

3.98 

87 

78 

16  p.  p.  m.  of  K  in  K,CO, ,  and 
14  p.  p.  m.  of  Na  in  NajCO,. . 

111 
134 

3.88 
4.44 

123 

4.16 

91 

81 

AcidUy  made  yf^  vnth  HCl 

16p.p.m.of  KinK.CO, 

25 
31 

1.39 
1.61 

28 

1.50 

20 

29 

16  p.  p.  m.  of  K  in  K,(X), ,  and 
14  p.  p.  m.  of  Na  in  Na,(X),. 

16 
20 

1.58 
1.25 

18 

1.41 

13 

28 

Acidity  made  j^y  wUh  HCl 

16  p.  p.  m.  of  K  in  K,CO, . . . 

24 
33 

.95 
.97 

29 

.96 

21 

19 

16 p.p. m.  of  Kin  K^CO,,  and 
14  p.  p.  m.  of  Na  in  Na,CO,.. 

26 

8 

1 

.96 
.93 

17 

.94 

12 

18 

90 
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In  the  three  preceding  experiments,  an  opportunity  is  aflforded  for 
comparing  the  growth  in  a  solution  containing  16  p.  p.  m.  of  pot- 
assium in  carbonate,  and  in  the  same  solution  after  the  addition  of 
hydrochloric  acid,  in  order  to  create  an  acidity  to  methyl  orange  of 
^Jv  and  ,TT.  In  experiments  XXV  and  XXVII,  wherein  the  young 
seedlings  were  placed  at  once  in  the  nutrient  media,  the  solution  with 
an  acidity  of  yj^  gave  a  depression  in  green  weight  equal  to  69  and 
64  per  cent.,  respectively,  in  the  two  experiments,  and  an  increase 
in  the  acidity  to  y?T,  caused  a  total  reduction  of  77  per  cent,  in  both 
cases.  In  experiment  XXVI,  wherein  the  seedlings  were  allowed  to 
grow  for  five  days  in  a  uniform  nutrient  solution  before  they  were 
placed  in  the  special  solutions,  the  green  weight  was  depressed  only 
37  and  49  per  cent,  by  the  two  solutions  with  different  degrees  of 
acidity.  Although  these  amounts  of  acidity  were  found  to  be  so 
great  that  no  light  was  thrown  upon  the  question  of  whether  the 
solutions  containing  the  alkali  carbonates  could  be  advantageously 
affected  by  the  addition  of  acid,  they  are,  nevertheless,  of  some  value 
in  showing  the  degree  of  toxicity  to  wheat  seedlings,  of  acid  in  nutrient 
solutions,  and  are  recorded  for  this  reason.* 

The  following  experiment  was  conducted  in  the  glass-house,  later, 
to  ascertain  whether  the  beneficial  effect  produced  by  sodium  chlorid 
and  sulfate,  in  connection  with  4  or  8  p.  p.  m.  of  potassium,  would  be 
shown  by  sodium  carbonate;  and  to  secure,  incidentally,  a  few  more 
data  upon  the  question  of  whether  the  alkalinity  of  the  solutions, 
under  the  conditions  of  these  experiments,  is  a  matter  of  any  import- 
ance. 

*  See  slao  Cameron  and  Breaieale.  Jour.  Phys.  Chem.  8.  1  (1904). 
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Experiment  XXVIII. 

Wheat  Grown  from  February  18  to  March  7,  1907. 

(Solids,  about  450  p  p.  m.  of  solution.) 


•  From 
Each  Bottle. 

Average 
Per  Bottle. 

Relative  . 

Special  Additions.* 

Trana- 
piration. 

Green 

weight. 

Trans- 
pimtion. 

Green 
weight. 

Trans- 
piration. 

Green 
weight. 

64  p.  p.m.  of  KinKgCO,... 

8p.p.  m.  of  KinK.CO,... 

8  p.  p.  m.  of  K  in  K,CX)„  and 
14  p.  p.  m.  of  Na  in  Na,CO,.. 

8  p.  p.m.  of  K  in  K.COg,. 
14  p. p.m.  of  Na  in  Na,COg. 
and  H,SO^  equiv.  to  the 
Na  and  half  the  K. 

8  p.  p.  m.  of  K  in  K,CO, . . . 
14  p.  p.  m.  of  Na  in  Na.CX),, 
and  HCl  equiv.  to  the  Na 
and  half  the  K. 

241 
219 

162 
171 

170 
166 

185 
202 

181 
191 

6.26 
5.77 

3.61 
3.66 

4.08 
3.84 

4.34 
4.32 

4.06 
4.32 

230 
162 
168 
194 

186 

6.02 
3.64 
3.96 
4.33 

4.19 

100 
70 
73 

84 

81 

100 
60 
66 
72 

70 

*  The  Mg  was  supplied  in  10  p.  p.  m.  of  Mg  CI 2.  and  36  p.  p.  m.  of  Mgj  SO4.  so  that  all 
of  the  series  would  contain  CI  and  S. 
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It  may  be  seen  that  the  addition  of  sodium  carbonate  to  8  p.  p.  m, 
of  potassium,  increased  the  relative  green  weight  from  60  to  66;  and 
that  when  the  sulfuric  acid  was  also  added,  the  relative  weight  be- 
came 72;  similarly,  with  hydrochloric  acid,  it  was  70.  The  trans- 
pirations were  likewise  increased  by  the  addition  of  the  acids.  These 
and  earlier  results  seem  to  indicate  that  imder  certain  circumstances 
the  increase  in  alkalinity  due  to  the  addition  of  even  14  p.  p.  m.  of 
sodium  in  carbonate  may  be  advantageously  ofiFset  by  the  addition 
of  acid.  Under  other  circumstances,  however,  such  small  amounts 
of  carbonates  have  failed  to  alter  the  reaction  of  the  solutions  suffi- 
ciently to  influence  growth. 

In  connection  with  the  growth  of  wheat  seedlings  in  paraffined  wire 
baskets,  attention  has  been  called  to  the  fact  that  the  amoimt  of 
transpiration  relative  to  the  green  weight  was  lessened  by  the  appli- 
cation of  muriate  of  potash,  although  the  particular  sources  of  nitro- 
gen and  phosphoric  acid  did  not  with  certainty  produce  the  same 
eflfect.*  The  experiments  in  solution,  which  have  been  recorded  in 
the  preceding  pages,  show  that  the  increase  in  green  weight,  due  to 
an  abundance  of  potassium  as  compared  with  a  deficiency,  was  almost 
always  greater  than  the  increase  in  transpiration,  and  that  the  in- 
crease caused  by  the  addition  of  sodium  to  a  deficient  amount  of 
potassium  was  likewise  greater  in  green  weight  than  In  transpiration. 
These  differences  were  especially  marked  in  the  case  of  the  carbonates, 
when  the  alkalinity  of  the  nutrient  solutions  was  greater.  Sachs 
and  Burgerstein  found  that  certain  plants  transpired  less  in  water 
containing  alkali  and  more  in  acidulated  water  than  in  distilled 
water,  t 

According  to  PfefiFer, J  it  appears  from  Burgerstein's  papers  "that 
the  effect  which  a  salt  may  exercise  upon  transpiration  when  added  to 
a  nutrient  solution  in  which  a  plant  is  growing,  may  be  different  to 
that  produced  when  a  similar  quantity  of  the  same  s^lt  is  offered  to 
another  plant  cultivated  in  distilled  water."     In  the  experiments 

*  R.  I.  Agr.  Expt.  Sta..  Bui.  120.  p.  136. 

t  Vines,  Physiology  of  Plants.  1886.  p.  110-111. 

t  Physiology  of  Plants,  £wart*s  trans.,  1900.  p.  249. 
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conducted  in  the  manner  described  in  the  present  paper,  an  increase 
in  growth  in  one  series  over  another,  gives  rise  to  less  depth  of 
nutrient  solution,  due  to  the  larger  amount  of  water  transpired,  and 
consequently  there  is  a  larger  exposed  surface  of  the  roots.  This 
may  have  retarded  the  transpiration  to  some  extent,  but  even  in 
those  cases  where  the  supply  of  potassium  was  sufficiently  great  so 
that  the  addition  of  sodium  resulted  in  no  increased  growth,  and 
therefore,  no  greater  removal  of  solution,  the  transpiration  was 
depressed  when  the  sodium  was  added.  When  a  deficient  amount  of 
potassium  was  supplemented  by  extra  calcium,  however,  instead  of 
by  sodium,  in  which  case  no  increase  in  growth  usually  resulted,  the 
relative  transpiration  did  not  seem  to  be  affected  to  any  extent; 
which  was  the  case  also  in  those  instances  when  the  phosphorus, 
nitrogen,  and  magnesium  were  increased.  It  should  be  recognized 
that  under  the  conditions  of  these  experiments  the  optimum  amounts 
were  not  usually  exceeded,  and  that  the  variations  in  the  concentra- 
tions of  the  solutions  were  within  comparatively  narrow  limits.  The 
object  in  securing  the  transpiration  was  to  enable  a  better  comparison 
of  the  series  during  the  period  of  growth,  rather  than  to  study  the 
specific  effect  of  the  different  salts  on  the  amount  of  water  transpired, 
but  the  indications  seem  worthy  of  incidental  mention. 

The  principal  question  under  consideration  in  connection  with  the 
experiments  recorded  in  the  present  paper  has  been  as  to  whether  or 
not  sodium  causes  an  increase  in  the  growth  of  wheat  seedlings. 
There  seems  no  escape  from  the  conclusion  that  it  did  when  potassium 
was  sufficiently  lacking.  The  amount  of  the  increase  depended  to  a 
considerable  degree  upon  the  extent  of  the  deficiency  of  potassium, 
as  measured  by  a  comparison  of  the  growth  in  a  solution  containing 
an  optimum  amount  of  potassium,  with  one  containing  much  less. 
As  a  rule,  under  favorable  growing  conditions,  a  reduction  from  32 
p.  p.  m.  of  potassium  in  one  series  to  8  p.  p.  m.,  in  another,  caused  a 
depression  in  growth  which  it  seemed  undesirable  to  exceed  for 
fear  of  disturbing  the  normal  functions  of  the  plant,  although  quite 
frequently  still  less  potassium  was  furnished.     Under  such  circum- 
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stances,  the  growth  is  of  course  largely  dependent  upon  the  frequency 
of  the  renewal  of  the  solutions,  and  upon  the  climatic  conditions. 

The  following  table  summarizes  those  results  from  the  various 
experiments  which  show  the  relation  between  the  series  receiving 
32  p.  p.  m.  of  potassium  and  those  receiving  only  8  p.  p.  m.,  and  also 
between  the  latter  and  those  receiving  sodium  in  addition  to  the 
8  p.  p.  m.  of  potassium.  The  solids  equalled  about  450  p.  p.  m.  in 
each  case.  In  a  number  of  instances,  which  have  not  been  included 
in  the  table,  the  amount  of  potassium  was  reduced  to  4  p.  p.  m.,  with 
a  consequent  greater  reduction  in  growth,  and  a  greater  benefit  when 
supplemented  by  sodium. 


The  Percentage  Change  in  the  Green  Weight  of  Wheat  Seedlings  Caused  by  With- 
holding a  part  of  the  Potassium^  and  again  by  SvbstUtUing  Sodium  for  the  Same. 


No.  and  Date  of  Experiment. 


Potash  and  Soda 
Salts  used. 


2      ^^  . 


imi 


23^ 
-*  o  a 

■  00 


I . .  Apr.  2e-May  19. 

II..  May  16-Jtine7.. 

V..May25-Junel2. 

VI..June29-July  14 

VII..  Aug.  16-31 

VIII..  July  11-27 

IX..Julyl7-Augl.. 

XI  v..  Sept.  10-24 

XVII..  Sept.  15-Octl.. 

XVIII.Sept.  25-Oct.  11 

XIX..N0V.  30-Dec.  21 

XX..Jan.  23-Feb9.. 

XXI.. Feb.  11-Feb.  27. 

X.. July  5-20 

XI..  July  27- Aug.  8.. 
XX VII.. Feb.  18-Mar.  7.. 


KCl,  NaCl 

KCl,  NaCl 

KCl,  NaaSO^... 
KCl,  Na2S04... 
KCl,  NasS04... 
KCl,  Na^S04... 
KCl,  Na2S04... 
KCl,  Na2S04... 
Ka,  NaiS04... 
KCl,  Na.,S04... 
KCl,  Na2S04... 
KCl,  NajSO*  .. 
KCl,  Na2S04... 
K2SO4,  Na,^S04. 
K2SO4,  Na2S04. 
K2CO.,.  Na^COs. 


Per  cent. 
33 
14 
40 
35 
33 
42 
35 
29 
32 

26 
34 
27 
25 
27 


Per  cent. 

le 

3 
30 
15 
19 
26 
20 

4 

4 

9 

1 
11 
14 

9 
12 
10 


It  may  be  seen  from  the  above  table  that,  as  a  rule,  whenever  the 
depression  in  green  weight  caused  by  reducing  the  potassium  from 
32  to  8  p.  p.  m.  was  around  30  per  cent.,  the  addition  of  sodium 
resulted  in  a  gain  of  10  per  cent.,  or  more.     It  will  be  noticed,  how- 
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ever,  in  experiments  XIV,  XVII,  and  XIX,  that  although  this 
amount  of  depression  was  brought  about  by  withholding  a  part  of 
the  potassium,  the  increase  caused  by  the  sodium  was  very  small. 
These  three  experiments  were  conducted  in  the  fall  of  the  year,  the 
first  two  in  the  summer  glass-house,  and  the  last,  in  the  chemical 
laboratory,  where  assimilation  was  inactive,  and  it  seems  not  im- 
probable that  sodium  may  be  most  beneficial  as  a  partial  substitute 
for  potassium,  under  conditions  favoring  active  photosynthesis.  It 
should  be  stated  that  the  solutions  were  not  changed  at  constant 
intervals  during  the  various  experiments;  the  rapidity  of  growth 
and  demands  of  the  plant  for  potassium  as  a  rule  determining  the 
length  of  the  intervals.  The  exact  quantitative  effect  of  a  given 
nutrient  solution  would,  of  course,  require  a  detailed  consideration 
of  this  and  many  other  factors  which  it  would  be  unwise  to  give  at 
this  time. 

In  connection  with  certain  of  the  experiments  which  have  been 
described  previously,  the  amounts  of  potassium  left  in  the  solutions 
after  the  seedlings  had  grown  in  them  for  one  or  more  days,  were 
determined  by  the  colorimetric  method.*  The  object  was  to  secure 
a  measure  of  the  deficiency  of  potassium,  other  than  that  furnished 
by  the  growth  and  transpiration  of  the  plants.  It  was  found  usually 
that  8  and  4  p.  p.  m.  of  potassium  were  nearly  all  removed  from  the 
nutrient  solution  at  the  end  of  the  first  day's  growth,  so  that  during 
a  three-day  period,  the  plants  had  very  little  potassium  in  their 
nutrient  solution  for  the  last  two  days  of  the  period,  with  the  result 
that  the  growth  was  considerably  depressed.  It  was  under  such 
conditions  that  the  addition  of  sodium  became  decidedly  beneficial. 
The  determinations  of  the  potassium  made  it  possible  also  to  study 
the  influence  of  sodium  on  the  absorption  of  potassium  by  the  plant. 

The  determinations  are  shown  in  the  following  table: 

*  Bureau  of  Soils,  U.  S.  Dept.  of  Agr.,  Bui.  31  (1906)  p.  31. 
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In  the  foregoing  table  the  full  ration  of  potassium  (1  K)  usually 
equals  32  p.  p.  m.,  the  fourth  and  eighth  rations,  of  course,  equalling 
8  and  4  p.  p.  m.  of  potassium,  respectively. 

The  amount  of  potassium  removed  from  a  solution  depends  upon 
the  size  of  the  plants,  the  length  of  the  period,  and  the  rapidity  of 
growth,  as  well  as  upon  the  associated  nutrients.  The  latter  factor 
is  the  one  which  it  is  desired  primarily  to  emphasize  in  this  con- 
nection. It  should  be  borne  in  mind  that  in  general  the  addition  of 
neither  sodium  nor  extra  calcium  to  the  full  ration  of  potassium, 
increased  the  crop.  Again,  a  reduction  of  potassium  to  8  and  4 
p.  p.  m.  depressed  the  yield  30  to  40  per  cent.,  and  yet  when  sodium 
supplemented  these  deficient  amounts  of  potassiimi,  an  increase  of 
from  10  to  25  per  cent,  usually  occurred,  whereas,  extra  calciimi  did 
not,  as  a  rule,  cause  an  increase. 

In  view  of  the  larger  plants  which  resulted  when  sodium  supple- 
mented quarter  and  eighth  rations  of  potassium,  it  is  noteworthy 
that,  without  exception,  the  amount  of  potassium  remaining  imused 
by  the  plant  should  be  greater  than  when  the  small  amounts  of 
potassium  were  used  alone,  and,  with  few  exceptions,  than  when  the 
extra  calcium  was  added.  This  observation  is  interesting  in  connec- 
tion with  the  results  secured  at  the  Rhode  Island  Station  by  the 
analyses  of  crops  grown  in  the  field  in  connection  with  different 
relative  amounts  of  potassium  and  sodium,  and  recorded  in  the  pre- 
ceding annual  report.  It  was  shown  there  that  crops  grown  in  plats 
which  received  a  quarter  ration  of  potassium,  almost  invariably  con- 
tained a  higher  percentage  of  sodium  and  a  lower  percentage  of 
potassium  when  a  full  ration  of  sodium  was  applied  in  addition  than 
when  a  quarter  ration  only  was  present.  The  yields  were  larger 
when  the  extra  sodium  was  present. 

In  the  solution  experiments  it  was  desired  at  the  outset  that  the 
small  amounts  of  potassium  should  be  used  so  promptly,  that  during 
a  portion  of  each  period,  the  plants  would  be  practically  without  any 
of  this  element,  in  order  to  see  if  sodium  was  of  any  advantage  under 
such  circumstances.     This  explains  why  determinations  were  at- 
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tempted  when  very  frequently  only  a  trace  of  potassium  was  present. 

The  fact  that  the  addition  of  sodium  to  a  limited  amount  of  potas- 
sium resulted  in  a  larger  yield  and  the  removal  of  a  smaller  amount 
of  potassium,  proves  that  there  is  a  much  more  economical  use  of  the 
potassium  when  sodium  is  present.  The  figures  show  that  a  determi- 
nable amount  was  left  in  the  solutions  which  were  supplemented  by 
sodium,  even  after  all  but  a  trace  had  been  removed  from  the  solu- 
tion to  which  potassium  alone  was  supplied.  In  other  words,  a  limited 
amount  of  potassium  lasted  for  a  longer  time  when  sodium  was 
present.  The  same  seems  to  be  true,  also,  as  a  rule,  when  as  much  as 
32  p.  p.  m.  of  potassium  were  supplied.  In  experiments  VI  and  XIV, 
the  determinations  were  made  after  such  short  periods  that  a  de- 
terminable amoimt  of  potassium  remained  unabsorbed  by  the  plants 
when  32  p.  p.  m.  were  used  alone  and  in  connection  with  sodium  or 
with  extra  calcium.  The  least  amount  of  potassium  remained  in  the 
solutions  when  this  element  was  not  supplemented  by  either  sodium 
or  extra  calcium,  but  in  these  particular  instances  there  was  fre- 
quently as  much  potassium  conserved  by  the  calcium  as  by  the 
sodium.  When  it  is  considered,  however,  that  in  experiment  VI 
the  relative  green  weights  at  the  close  were  respectively  100,  109,  and 
97,  with  full  potassium  alone,  and  supplemented  in  turn  by  sodium 
and  calcium,  it  will  be  seen  that  some  allowance  should  be  made  for 
the  extra  size  of  the  plants  when  sodium  was  present.  In  experiment 
XIV,  however,  no  such  allowance  is  required. 

In  a  few  of  the  experiments,  potassium  determinations  were  not 
only  made  in  the  dififerent  nutrient  solutions,  as  recorded  in  the 
preceding  table,  but  in  the  solution  remaining  after  the  same  plants, 
which  had  been  growing  in  the  different  nutrient  solutions,  had  been 
allowed  to  grow  for  a  day  in  a  uniform  nutrient  solution  in  which  a 
full  ration  of  potassium  (32  p.  p.  m.),  but  neither  sodium  nor  extra 
calcium  was  present. 

The  determinations  are  recorded  below: 
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The  amount  of  residtuU  potassium  in  parts  per  million  of  the  originally  uniform 

nutrient  solution  in  tohich  wheat  seedlings  from  different 

series  had  been  allowed  to  grow. 


Rations  op  Potassium.  Sodium,  and  Extra   Calcivm  in  thb 
Solutions  from  which  the   Plants  had  been  Trans- 
ferred to  a  Uniform  Solution. 


Experiments,  and' 
Periods. 


Experiment  IV  p.  305. 
June  7 


Experiment  VI  p.  309, 
(Seeds  removed). 

July  13 

July  14 


(Seeds  not  removed). 

July  13 

July  14 


Experiment  XIV  p."^!^. 

Aug.  29 

Aug.  30 

Aug.  31 


K.  p.  p.  m 
14. 


+ 


K.  p.  p.  m 


3.3 
T 


6.9 
7.4 
1.2 


1.9 
.0 


8.0 
7.9 
2.0 


5 
+ 


K,  p.  p.  m. 


4.0 
T 


5.9 
9.8 
4.0 


K,  p.  p.  m. 
6.4 


3.2 
.9 


1. 


.0 


1.0 
2.9 
4.0 


+ 


K.  p.  p.  m 
11.6 


3.6 
.5 


1.2 
3.6 
1.5 


+ 


K.  p.  p.  m. 
12.4 


6.8 
1.1 


T 
.0 


1.8 
4.7 
2.2 


According  to  the  above  table,  the  three  series  of  plants  which  had 
been  grown  during  the  first  period,  with  a  full  ration  of  potassium, 
without  and  with  sodium  or  calcium,  as  a  special  addition,  left 
varying  relative  amounts  of  potassium  when  grown  upon  different 
days  in  the  uniform  nutrient  solution,  so  that  positive  generalizations 
regarding  the  effect  of  the  sodium  and  extra  calcium  upon  the  ab- 
sorption, are  not  justified  with  so  few  results.  Experiment  XIV, 
however,  in  which  the  green  weights  of  the  three  series  were  prac- 
tically the  same,  shows  that  slightly  less  potassium  was  consumed 
by  the  plants  which  had  previously  received  the  full  ration  of  potas- 
sium, supplemented  by  sodium,  than  in  the  other  two  instances. 
If  the  three  days'  observations  be  taken  collectively  and  the  average 
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amount  of  removed  potassium,  in  parts  per  million  of  solution,  be 
calculated  for  every  ten  grams  of  transpired  water,  it  will  be  found 
that  4.6  p.  p.  m.  were  removed  in  the  first  series,  which  received 
full  potassium,  and  even  a  little  more,  namely  4.9  p.  p.  m.,  when 
the  potassium  had  originally  been  supplemented  by  sodium.  In  this 
same  experiment,  similar  calculations  in  connection  with  the  plants 
which  originally  received  only  8  p.  p.  m.  of  potassium  show  that,  for 
ten  grams  of  transpiration,  the  amount  of  potassium  removed  from 
the  uniform  nutrient  solution  was  7.8  p.  p.  m.  when  no  sodium  had 
ever  been  present,  and  6.4  p.  p.  m.  in  the  series  to  which  sodium  had 
originally  been  added.  Experiment  VI  (seeds  removed)  afforded 
another  opportunity  for  similar  calculations  for  two  days'  observa- 
tions in  connection  with  plants  originally  receiving  a  quarter  ration 
of  potassium,  and  it  is  found  that  7.6  p.  p.  m.  were  removed  when 
sodium  had  been  absent,  and  7.2  p.  p.  m.  when  it  had  been  present, 
originally.  Similarly  in  experiment  IV  the  amounts  expressed  in  the 
same  order,  were  8.2  and  6.0  p.  p.  m.  It  appears  from  the  above 
considerations,  that  the  plants  which  grew  originally  in  solutions 
containing  a  somewhat  deficient  amount  of  potassium,  not  only  re- 
moved less  of  this  element  when  it  was  supplemented  by  sodium,  but 
that  the  same  plants  when  transferred  to  a  uniform  nutrient  solution 
containing  an  abundance  of  potassium,  but  no  sodium,  again  seemed 
inclined  to  absorb  less  potassium  in  the  series  to  which  sodium  had 
been  originally  added.  Breazeale,*  as  a  result  of  similar  determina- 
tions, found  that  in  three  different  experiments  when  no  sodium  had 
been  added  during  the  first  period,  4.36,  5.67,  and  4.00  p.  p.  m.  of 
potassium  had  been  removed  from  a  uniform  nutrient  solution  per 
ten  grams  of  transpiration,  whereas,  only  2.06,  0.65,  and  2.30  p.  p.  m. 
had  been  removed  by  the  wheat  plants,  which  had  been  supplied  with 
sodium  as  well  as  potassium  during  the  first  period  of  growth.  He 
made  no  attempt  to  have  the  potassium  somewhat  deficient  during 
the  first  period  of  growth,  as  in  certain  of  our  series,  and,  furthermore, 
the  seeds  were  removed  from  the  young  seedlings.     It  will  be  seen, 

♦Jour.  Am.  Chem.  Soc.  28.  1019-1021,  (1906.) 
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however,  that  in  no  case  did  our  results  indicate,  in  such  a  marked 
degree  as  those  of  Breazeale,  that  sodium  exerted  an  eflfect  upon  the 
absorption  of  potassium. 

Sand  Culture  Experiment  with  Chul  Wheat. 

The  sand  for  the  experiment  was  white  crushed  quartz  and  had  the 
appearance  of  being  pure.  It  was  prepared  by  digesting  in  warm 
sulfuric  acid  and  subsequently  washing  with  water,  and  roasting. 
The  experiment  was  conducted  according  to  the  wire-basket  method.* 

The  twenty  baskets  or  pots  which  were  used,  each  contained  350 
grams  of  the  sand,  and  were  divided  into  four  groups  of  five  baskets 
each.  Chemically  pure  calcium  nitrate,  magnesium  sulfate,  mono- 
calcium  phosphate  and  ferric  nitrate  were  added  alike  to  each  pot. 
The  object  of  the  experiment  was  to  compare  the  results  secured  with 
an  optimum  amount  of  potassium,  a  deficient  amount  of  potassium, 
and  the  latter  supplemented  by  sodium,  and  again  by  extra  calcium. 
The  nutrients  were  added  in  solution  from  time  to  time  during  the 
progress  of  the  experiment.  Each  basket  received  during  the  ex- 
periment .369  gram  of  calcium  nitrate,  .141  gram  of  magnesium 
sulfate,  .094  gram  of  mono-calcium  phosphate,  and  a  small  amount 
of  ferric  nitrate.  In  addition  to  these  salts,  baskets  Nos.  1  to  5  each 
received  the  full  ration  of  potassium  sulfate,  .131  gram;  Nos.  6  to  10, 
about  one-fourth  of  the  above  amount  of  potassium  sulfate  or  .032 
gram  (referred  to  as  a  quarter  ration);  Nos.  11  to  15, 'the  quarter 
ration  of  potassium,  and  .056  gram  of  sodium  sulfate;  and  Nos.  16 
to  20,  the  quarter  ration  of  potassium,  and  .056  gram  of  calcium 
sulfate.    The  above  amounts  refer  to  the  anhydrous  salts. 

The  wheat  was  planted  August  13,  1906,  the  baskets  were  sealed 
August  20,  and  the  experiment  was  discontinued  August  31. 

The  transpiration  from  August  20  to  August  31,  and  the  green 
weights  of  that  portion  of  the  yoimg  plants  which  was  above  the 
sand,  are  given  in  the  following  table  in  grams: 

*  Bureau  of  Soils,  U.  S.  Dept.  Agr..  Bui.  23.  and  Clro.  18. 
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Basket 
No. 

Per  Basket. 

Total. 

Special  Additionb. 

ll 

■g 

A 

II 

i 

If 

• 

1 

122 

2.21 

2 

124 

2.39 

Full  ration  of  potassium 

3 
4 
5 

6 

7 

125 
130 
152 

111 
99 

2.26 
2.49 
2.85 

1.83 
1.73 

653 

12.20 

100 

100 

Quarter  ration  of  potassium. 

8 

9 

10 

11 

100 

102 

98 

141 

1.86 
1.76 
1.60 

2.51 

510 

8.78 

78 

72 

Quarter  ration  of  potassium, 
plus  sodium 

12 
13 
14 

118 
126 
101 

2.11 
2.14 
1.80 

610 

10.68 

93 

88 

15 

124 

2.12 

16 

109 

A. 81 

Quarter  ration  of  potassiiun, 
plus  extra  calcium 

17 
18 
19 
20 

130 
101 
135 
117 

2.28 
1.70 
2.55 
1.97 

592 

10.31 

91 

85 

The  above  table  exhibits  results  which  agree  with  those  obtained 
by  water  culture  as  far  as  the  beneficial  effect  of  sodium  in  connection 
with  a  deficient  amount  of  potassium  is  concerned.  Calcium  sulfate, 
however,  gave  practically  the  same  average  increase  as  sodium 
sulfate  when  used  to  supplement  the  quarter  ration  of  potassium, 
although  it  failed  to  do  so  in  the  water  cultures. 

In  the  water-culture  experiments  there  is,  of  course,  no  question 
but  that  the  nutrients  are  all  available,  whereas,  in  sand  culture, 
although  the  nutrients  may  be  added  in  solution,  there  is  a  question 
as  to  how  much  may  be  held  chemically  or  physically  by  the  sand. 
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The  effect  of  a  substance  in  the  case  of  sand  cultures  may  be  in  part 
due,  therefore,  to  an  influence  upon  the  power  of  the  sand  to  retain 
certain  ingredients  of  plant  food.  It  is  not  surprising  then  that  the 
calcium  sulfate  exerted  a  beneficial  effect  in  the  sand  culture  which  it 
failed  to  exert  in  the  water  cultures. 

Sand  Culture  with  Radishes. 

This  experiment  was  conducted  in  the  same  kinds  of  sand  and 
baskets  as  were  used  in  the  preceding  wheat  experiment,  and  the 
general  scheme  of  conducting  the  test  was  the  same.  The  radish 
seeds  were  planted  on  August  4,  1906.  It  became  evident  quite 
early  in  the  experiment  that  the  plants  which  received  calcium  sulfate 
as  a  supplement  to  the  quarter  ration  of  potassium  were  the  poorest, 
even  falling  slightly  behind  those  receiving  the  quarter  ration  of 
potassium,  but  no  calcium  sulfate.  The  quarter  ration  of 
potassium  produced  much  poorer  plants  than  the  full  ration,  but 
when  the  smaller  quantity  of  potassium  was  supplemented  by  a 
three-quarter  ration  of  sodium,  the  growth  appeared  nearly  equal 
to  that  with  the  full  potassium.  An  idea  of  the  growth  may  be 
obtained  from  the  accompanying  figure  (Fig.  2),  which  shows  one 
representative  basket  from  each  group  of  five,  and  illustrates  the 
condition  on  August  30,  1906.  • 

The  plants  which  received  a  quarter  ration  of  potassium  alone,  and 
supplemented  by  calcium  sulfate,  finally  failed  to  grow  and  were 
allowed  to  drop  out  of  the  experiment.  The  two  groups  which 
received  full  potassium,  and  quarter  potassium  plus  sodium,  con- 
tinued to  make  a  slow  growth  till  October  4,  when  the  experiment 
was  discontinued.  Only  a  few  plants  had  begun  to  form  radishes. 
The  upper  leaves  had  remained  green,  but  the  lower  ones  had  become 
dry  and  were  dropping  in  many  cases. 

Summary. 

This  paper  gives  the  results  of  growing  wheat  seedlings  in  complete 
nutrient  solutions  containing  deficient,  and  approximately  optimum 
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Fig.  1. — Wheat  Seedlings. 
One  bottle  from  each  Series  of  Experiment  VIII. 


Fig.  2.— Radishes. 


Full 

Quarter 

Quarter 

Quarter 

tassium. 

Potassium. 

Potassium, 

Potassium 

plus 

plus  extra 

Sodium. 

Calcium. 
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amounts  of  potassium,  and  the  same  supplemented  by  sodium  and 
again  by  extra  calcium. 

Sodium  seemed  to  cause  no  increase  in  growth  when  an  optimum 
amount  of  potassium  was  present,  but  when  the  deficiency  of  pot- 
assium was  great  enough  to  cause  about  a  30  per  cent,  depression  in 
the  green  weight  produced,  the  addition  of  sodium  did  give  an  in- 
crease in  growth  which  usually  amoimted  to  10  per  cent.,  or  more, 
within  a  period  of  from  two  to  three  wteeks,  under  the  particular 
conditions  of  these  experiments. 

The  extra  calcium  did  not  on  the  whole  increase  the  growth,  either 
when  used  with  an  optimum  or  a  deficient  amoimt  of  potassium. 

The  beneficial  effect  of  sodium,  when  accompan3ang  a  small  amount 
of  potassium,  is  not  attributed  to  the  increase  in  the  osmotic  pressure 
of  the  solution,  because  the  addition  of  extra  calcium,  magfiesium, 
phosphorus,  or  nitrogen  failed  to  cause  an  increase  in  growth. 

The  increase  in  transpiration  was  usually  less  than  that  in  green 
weight,  when  sodium  was  added,  or  the  potassium  increased.  This 
seemed  especially  marked  with  the  alkali  carbonates. 

A  larger  amount  of  potassium  was  left  in  the  solution  by  the 
growing  seedlings  when  the  potassium  in  the  nutrient  medium  was 
supplemented  by  sodium.  In  other  words,  sodium  was  a  conserver 
of  potassium. 

In  two  experiments  by  the  parafl^ed  wire  basket  method,  with 
white  quartz  sand  which  had  been  digested  with  acid,  sodium,  when 
supplementing  a  deficient  amoimt  of  potassium,  affected  the  growth 
similarly  as  in  the  solution  experiments. 
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THE  RELATION  BETWEEN  THE  EFFECTS  OF  LIMING, 

AND  OF  NUTRIENT  SOLUTIONS  CONTAINING 

DIFFERENT  AMOUNTS  OF  ACID,  UPON 

THE  GROWTH  OF  CERTAIN 

CEREALS. 


BURT  L.  HARTWELL  AND  F.  R.  PEMBER. 


The  study,  by  field  experiments  at  this  Station,  of  the  relative 
effect  of  lime  on  the  growth  of  a  large  variety  of  plants  during  a 
number  of  seasons,  has  emphasized  the  remarkable  differences  ex- 
hibited by  plants  in  their  response  to  liming;  the  growth  of  some 
varieties  having  been  considerably  depressed  by  the  application  of 
lime,  while  with  others,  growth  was  absolutely  impossible  imless 
alkaline  material  was  first  added  to  the  soil.  The  fact  that  oth^ 
alkaline  substances,  such  a&  sodium  and  potassium  carbonate, 
magnesium  oxid,  and  magnesium  carbonate  produced  results  similar 
to  the  lime,  with  such  plants  as  were  subjected  to  their  action,  led 
naturally  to  the  thought  that  the  beneficial  results  from  liming 
<3ertain  of  our  soils  might  be  due  largely  to  the  neutralization  of  a 
detrimental  degree  of  acidity. 

If  soil  acidity,  regardless  of  the  possible  presence  of  poisonous 
compounds  accompanying  it,  were  the  direct  cause  of  the  failure 
of  certain  plants  to  make  a  normal  growth,  it  seemed  as  though 
these  same  plants  would  be  injured  to  a  much  greater  extent  when 
grown  in  nutrient  solutions  to  which  definite  amounts  of  acid  had 
been  added,  than  would  those  which  were  not  benefited  by  applica- 
tions of  lime;  and  it  was  the  purpose  of  the  work  herein  recorded 
to  ascertain  if  the  effect  of  different  degrees  of  alkalinity  and  acidity 
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in  nutrient  solutions,  would  exhibit  any  similarity  to  the  field 
observations. 

A  limited  attempt  was  made  at  first,  to  grow  certain  plants  in 
solution,  which  had  exhibited  very  wide  differences  as  to  the  effect 
of  lime  upon  them.  Lupine  was  selected  as  a  crop  which,  according 
to  the  effect  of  liming  upon  it,  might  be  expected  to  resist  the  action 
of  acids;  and  from  the  same  standpoint,  alfalfa  and  vetch  might 
prove  relatively  less  resistant.  It  was  soon  evident  that  unless  a 
large  number  of  lupine  seedlings  were  included  in  the  experiment, 
the  wide  differences  between  individual  plants  would  render  the 
results  from  different  treatments  of  little  value,  and  the  slow  growth 
of  the  alfalfa  and  vetch  seedlings  was  an  objection  to  their  use.  A 
preliminary  period  of  nursing,  in  a  uniform  nutrient  solution,  seemed 
to  be  required  before  the  true  vigor  of  the  seedlings  could  be  deter- 
mined; and  inasmuch  as  it  was  desired  to  ascertain  the  effect  of  the 
reaction  of  the  solution  on  the  growth  of  the  seedlings  in  the  first 
few  weeks,  the  apparent  diflBculties  in  connection  with  the  employ- 
ment of  the  plants  named  above,  led  to  the  use  of  the  cereal  seedlings, 
and  to  the  method  which  is  described  in  the  preceding  paper  (page 
300). 

The  relative  effect,  on  the  growth  of  certain  cereals,  of  applying 
slaked  lime  to  the  soil  may  be  judged  from  the  following  table  of 
field  results.* 

Table  I. — Percentage  Increase  in  the  Weight  of  Mature  Plants,  Due  to  the 
Application  of  Lime. 

1893  1894  1895  1896  1899 

Rye 13  3  (-)  25                 38  20 

Gate 26  9  7  ...  26 

Wheat ...  91  ...  55 

Barley 80  106  258  156  195 

The  above  percentage  gains  were  derived  from  the  results  obtained 
from  the  permanent  plats  Nos.  27  and  29.     Only  very  small  areas 

*  R.  I.  A«r.  Exp.  StA.  Bui.  46,  and  Ann.  Rpt.  13. 
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were  usually  occupied  by  a  given  plant  and  the  exact  amount  of  the 
gain  is,  therefore,  of  much  less  significance  than  the  fact  that  the 
order  of  arrangement  of  the  four  cereals  was  the  same  for  each  year, 
from  the  standpoint  of  the  relative  effect  of  liming  upon  their  growth** 
It  will  be  noticed  that  there  is  a  very  wide  difference  between  the 
two  extremes,  rye  and  barley.  In  1893,  5,400  pounds  per  acre  of 
airnslaked  lime  were  added,  and  in  1894,  1,000  pounds;  but  in  the 
subsequent  years  no  further  applications  of  lime  were  made. 

The  article  which  precedes  this,  contains,  incidentally,  a  few  data 
concerning  the  effect  upon  wheat  seedlings  of  hydrochloric  acid,  in  a 
nutrient  solution  containing  potassium  carbonate  as  a  source  of 
potassium.  It  was  shown  that  when  the  seedlings  were  placed  in  a 
j^  acid  solution  at  once,  there  was  a  depression  in  growth,  in  two- 
experiments,  of  69  and  64  per  cent,  as  compared  with  the  growth  in 
the  non-acidulated  solution;  and  when  the  acidity,  also  to  methyl 
orange,  was  7^,  there  was  a  depression  of  77  per  cent.  In  a  third 
experiment,  in  which  the  seedlings  were  first  grown  for  five  days  in  a 
neutral  nutrient  solution,  to  increase  their  powers  of  resistance,  the 
depression  in  growth  in  the  -^  and  ^  solutions  was  37  and  49  per 
cent.,  respectively.  The  acidity  in  the  above  instances  was  so  great 
that  it  interfered  too  seriously  with  the  growth  of  the  seedlings,  and 
less  acid  was  used  in  the  work  which  will  now  be  described. 

Each  of  the  first  three  experiments  included  three  different  nutrient 
solutions,  in  order  to  determine  whether  the  specific  effect  of  an  added 
acid  or  alkali  would  vary  materially  with  different  nutrient  solutions 
which  were  practically  neutral.  The  solutions  will  be  designated 
by  the  Roman  numerals,  I,  II,  and  III.  Solution  I,  Knop's,  con- 
tained the  following  per  liter:  30  cc.  -^  calcium  nitrate,  8  cc.  -ft- 
potassiimi  nitrate.  Sec.  -jV  di-potassium  phosphate,  and  8  cc.  nr 
magnesium  sulfate.  Solution  II  contained  per  liter,  30  cc.  -ft- 
calcium  nitrate,  8  cc.  -^  potassium  chlorid,  8  cc.  ^  mono-calcium 
phosphate,  and  8  cc.  -{n  magnesium  sulfate.    Solution  III  con- 

*  In  experimentt  by  Voeloker  at  Wobum,  England,  with  a  mixture  of  ammonium  sulfate  aad 
ammonium  chlorid  it  was  found  that  oats  were  injured  lees  than  wheat,  and  wheat  less  thaa 
barley.     Jour.  Royal  Agr.  Soo..  England,  62.  p.  286  (1001). 
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tained,  per  liter,  20  cc.  -iV  calcium  nitrate,  11  cc.  -/^  potassium 
nitrate,  8  cc.  -^  monoHSodium  phosphate,  8  cc.  -^  sodium  chlorid, 
and  16  cc.  ^  magnesium  sulfate.  A  small  amount  of  a  soluble 
ferric  salt  was  added  to  each  solution.  No  attempt  was  made  to 
have  the  different  solutions  contain  even  the  principal  nutrients  in 
equal  amounts,  but  these  were  believed  to  be  sufficiently  abundant 
for  maximum  growth.  The  total  solids,  although  not  the  same  in 
all  of  the  solutions,  equalled  not  far  from  600  parts  per  million  of 
solution.  Solution  III  was  different  from  the  others  in  that  the 
amoxint  of  magnesium  was  increased  so  that  it  was  about  equal  to 
the  calcium,  and  in  being  the  only  one  which  contained  sodium. 

The  data  in  the  following  tables  are  not  presented  with  the  object 
of  comparing  the  different  nutrient  solutions,  but  rather  to  show  the 
effect  in  each  case  of  the  added  alkali  and  acid  upon  the  growth  of 
seedlings;  therefore,  the  ''relative''  transpirations  and  green  weights, 
in  case  of  a  given  nutrient  solution,  are  based  upon  a  comparison  in 
which  the  "neutral"  solution,  unaccompanied  by  acid  or  alkali,  is 
taken  as  100;  and  the  relation  of  the  three  nutrient  solutions  is 
purposely  not  made  prominent. 

The  nutrient  solutions  themselves  were  practically  neutral,  being 
slightly  acid  to  phenolphthalein  and  slightly  alkaline  to  methyl 
orange,  and  the  normality  of  the  modified  solutions,  before  the  plants 
had  grown  in  them,  was  calculated  as  a  rule  from  the  strength  of 
the  added  alkali  and  acid,  and  was  not  determined  by  titration. 
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Tablb  II. — TranapiroHon  and  Oreen  Weight,  in  QramSj  of  Chul  WJukU  SeedUngt 
Orown  in  SoltUiana  with  Different  ReacHone, 


NuimiKNT  SoLunoNB. 


lUaotioiL 


No. 


Transpixm- 

tion, 
per  bottle, 
10  plants. 


Gieen 
wcoght, 

per  bottle. 

10  plants. 


Relative 
tmnqtiiB- 

tion, 
20  plants. 


Belative 


wd«|it 
20r 


Neutral . 


II 


Alkaline,  vr5»  by  eodium 
hydrcndd 


II 


Add,  T^j,  by  hydrochloric 
acid 


II 


211 
202 

197 
289 

225 
215 

204 
214 

228 
196 

150 
195 

62 
90 

110 
62 


5.2 
5.5 

5.1 
6.3 

5.8 
5.3 

5.0 
5.4 

5.7 
5.0 

4.2 
5.1 

1.9 
3.7 

3.5 
2.7 

3.7 
1.5 


100 


100 


100 


101 


87 


71 


37 


35 


35 


100 


100 


100 


97 


93 


84 


52 


54 


47 


The  data  given  in  the  preceding  table  were  obtained  from  an 
experiment  conducted  between  December  19,  1906  and  January  5, 
1907,  under  unfavorable  conditions  of  light  and  heat,  which  may 
explain  the  rather  wide  differences  which  occasionally  occurred  be- 
tween the  results  from  parallel  bottles. 

From  an  inspection  of  the  results  from  the  individual  bottles  one 
would  hardly  be  justified  in  saying  that  there  was  any  depression  in 
growth  whatever,  caused  by  the  addition  of  the  sodium  hydroxid, 


Digitized  by  VjOOQIC 


Effect  of  Liming,  and  op  Acid  in  Water  Culture.     363 

except  with  solution  III,  in  which  case  both  bottles  containing  the 
alkaline  solution  were  accompanied  by  less  transpiration  and  green 
•weight  than  either  of  those  containing  the  neutral  solution. 

The  acid  caused  a  depression  of  about  50  per  cent,  in  green  weight 
and  of  about  65  per  cent,  in  transpiration,  with  all  three  solutions. 
The  greater  relative  depression  in  transpiration  than  in  green  weight 
should  be  noticed. 

The  plants  were  so  seriously  affected  by  the  ^Ar  acid  solution, 
that  in  the  following  experiment  with  barley,  the  acidity  was  reduced 
one-half.  The  test  with  the  barley  was  conducted  between  Decem- 
ber 26,  1906,  and  January  18,  1907,  in  the  same  kind  of  nutrient 
solutions  and  under  similar,  somewhat  unfavorable  conditions. 
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TabU    III — TranMjnration  and  Qreen  Weighty  in  Orama,  of    Barley  SeedUng^ 
Orawn  in  Sohitiana  with  Different  Reaetione. 


NUTBIUfT  SoLxmowB. 

Transpixm- 

tion. 
pw  bottle. 
10  plants. 

Oreen 
ireight 

pw  bottle. 

10  plants. 

Relative 
transpira- 

ration. 
20  plants. 

BalaUve 

sreen 

wei^t. 

20  plants. 

Alkalimty.^ 

BMOtion. 

No. 

Neutral 

Alkaline,^,  by 
■  odium  hy-    - 
droxid 

Acid,TTfWiby  hy- 
drochloric acid 

II 
III 

II 
III 

II 
III 

234 
194 

241 
241 

216 
193 

260 
263 

203 
230 

204 
203 

170 
.184 

210 
184 

189 
176 

7.6 
6.4 

7.6 

7.7 

8.0 
6.9 

8.4 
8.0 

7.2 
7.4 

7.0 
7.4 

6.2 
6.7 

6.7 
6.0 

6.7 
6.4 

100 

100 

100 

122 

90 

100 

83 

82 

84 

100 

100 

100 

117 

90 

100 

92 

83 

89 

4.2 

4.0 

3.8 

11.1 

10.0 

10.7 

2.0 

l.S 

2.0 

The  preceding  table  shows  an  unmistakable  depression  in  growth 
when  the  acid  was  added.  The  sodium  hydroxid  seemed  to  cause 
considerable  gain  in  the  case  of  solution  I,  whereas,  in  the  preceding 
experiment,  with  wheat,  there  was  a  depression  in  one  case,  although 
with  a  different  nutrient  solution  from  the  one  here  affected.    A 

*  Average  number  of  oo.  of  jjg^  sulfuiio  add  required,  after  the  last  five  dasrs*  growth  of 
the  plants,  to  make  neutral  to  methyl  orange  50  co.  of  the  nutrient  solution  which  had  been 
made  up  to  the  original  volume.    Ten  co.  is  equivalent  to  777' 
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greater  degree  of  alkalinity  could  hardly  have  been  used  at  the 
outset,  in  these  experiments,  without  danger  of  causing  a  precipita- 
tion in  the  nutrient  solutions.  Nevertheless,  taken  as  a  whole,  the 
growth  was  not  seriously  affected  by  the  alkali,  although  the  titra- 
tions show  that,  with  methyl  orange  as  an  indicator,  an  alkalinity 
equal  to  ^  and  greater,  was  reached  after  the  last  five  days'  growth 
of  the  seedlings;  even  though  water  had  been  added  to  replace  that 
removed  by  transpiration,  before  the  alkalinity  was  determined. 
In  connection  with  some  of  the  work  recorded  in  the  preceding  article, 
where  the  carbonates  of  potassium  and  sodium  were  used  in  the  nutri- 
ent solution,  and  special  precautions  were  taken  to  add  the  nutri- 
ents in  such  a  way  as  to  prevent  the  formation  of  a  precipitate,  the 
alkalinity  was  frequently  greater  at  the  end  of  a  period  of  growth 
than  that  recorded  in  the  present  connection,  and  yet  no  constant 
positive  benefit  resulted  from  reducing  the  alkalinity  by  the  ad- 
dition of  acid.  It  is  evident,  therefore,  that  the  growth  of  wheat 
and  barley  seedlings  is  not  very  much  affected  by  any  degree  of  al- 
kalinity which  is  less  than  would  cause  a  precipitation  in  an  or- 
dinary nutrient  solution,  and  in  the  following  work,  attention  was, 
therefore,  directed  only  to  the  effect  of  acids. 

In  the  following  table  are  presented  the  results  of  an  experiment 
conducted  between  January  29  and  February  13,  1907,  with  the 
object  of  ascertaining  the  least  concentration  of  acid  which  would 
exert  an  appreciable  effect  upon  the  growth  of  wheat  seedlings. 
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Table  IV. — Transpiration  and  Green  Weight,  in  Grams,  of  Wheat  Seedlings 
Grown  in  Neutral  Solutions  and  in  the  same  after  the  Addition  of 
Different  Acids. 


Nutrient  Solutions. 


Reaction. 


No. 


Tmnapira- 

tion. 
per  bottle, 
10  plants. 


Green 

weight. 

per  bottle, 

10  plants. 


Relative 
transpira- 
tion per 
20  plants. 


Relative 

fcreen 

wei^t  per 

20  plants. 


AlkaHnUy  .• 


Neutral. 


Add,  TTj?,nr»   by 
sulfuric  acid . . 


Acid,    y/^,    by 
sulfuric  acid . . 


Acid,  y^^7,  by  hy- 
drochloric acid. 


II 


III 


II 


III 


II 


III 


II 


III 


168 
198 

165 
171 

174 
218 

155 
178 

175 
168 

176 
194 

175 
201 

161 
175 

186 
190 

161 
167 

182 
178 

177 
201 


5.2 
5.6 

4.9 

4.8 

4.9 
5.5 

4.6 
5.3 

5.0 
4.5 

5.2 
5.7 

4.8 
5.9 

4.6 
4.9 

5.2 
5.1 

5.0 
4.9 

5.1 
5.2 

5.1 
5.6 


100 


100 


100 


91 


102 


94 


103 


100 


96 


90 


107 


96 


100 


100 


100 


92 


98 


105 


99 


98 


99 


92 


106 


103 


13.7 


12.5 


15.0 


13.0 


13.0 


14.0 


13.0 


12.5 


13.5 


13.5 


13.3 


13.0 


*  Average  number  of  cc.  of  j?|j  sulfuric  acid  required  after  the  last  four  days'  growth  of 
the  plants,  to  make  neutral  to  methyl  orange  50  cc.  of  the  nutrient  solution  which  had  bean 
made  up  to  the  original  volimie.     Ten  oc.  is  equivalent  to  -fjf^* 
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Table  IV. — TranapvraHan  and  Qreen  Weight,  in  Qrama,  of  Wheat  SeecUinga, 
Qrovm  in  Neutral  Sohdiana  and  in  the  same  after  the  Addition  of 
Different  Adda, — Concluded 


NtTTBIKMT  SOLUTIONB. 

Transpira- 

iion. 
per  bottie. 
10  plants. 

Green 

p^  bottle, 
10  plants. 

Relative 
transpira^ 

tionper 
10  plants. 

Relative 

green 

we^tper 

10  plants. 

AlkaBnity.* 

Reaction. 

No. 

Acid,    TT^,    by 
acetic  acid. . . 

I 

II 
III 

160 
191 

190 
175 

194 
178 

4.8 
5.4 

4.9 

4.8 

5.4 
5.2 

96 

109 

95 

95 
100 
102 

13.1 
13.0 
15.0 

By  comparing  the  figures  from  the  individual  bottles,  given  in  the 
preceding  table,  it  is  obvious  that  in  the  case  of  a  given  solution,  the 
effect  of  the  added  acid  has  not  been  sufficient  to  make  a  change,  in 
the  transpiration  and  green  weight,  in  excess  of  the  probable  limit 
of  error.  The  only  instance  in  which  the  figures  from  both  bottles 
were  lessened  is  where  the  ^^f^  hydrochloric  acid  was  added  to  solu- 
tion I,  in  which  case  there  was  an  apparent  depression  of  11  per 
cent,  in  transpiration  and  8  per  cent,  in  green  weight. 

This  experiment  indicates  that  an  acidity  of  any  less  concentration 
than  y^  would  scarcely  be  expected  to  influence  the  amount  of 
growth. 

In  the  foUowmg  experiments  a  single  nutrient  solution,  number 
III,  was  used,  and  strict  comparisons  of  certain  cereals  were  under- 
taken. 


*  Averace  number  of  co.  of  j ^  sulfuric  acid  required,  after  the  last  four  days'  growth  of 
the  plants,  to  make  neutral  to  methyl  orange  60  oo.  of  the  nutrient  solution  which  had  been 
made  up  to  the  original  volume.    Ten  oo.  is  equivalent  to  j^f^. 
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Tablb  V. — Transpiration  and  ureen  Weight,  in  Orama,  of  Wheat  and  Baiigff 
Seedlinga  Orovm  in  a  Neutral  Solution  and  in  the  aame  after  the  Addition 
of  Acid. 


I 


I 


ll 


H 

if  P 


I? 
ll 


II 


^! 


Transpiration    per 
bottle,  10  plants. 


Qreen  weight,  per      ( 
bottle,  10  plants     ( 

Relative    transpira-  ( 


tion,  per  20  plajits. 

Relative  green 
weight  per  20 
plants. 

Alkalinity.* 


Wheat 


Barley. 

Wheat. 
Barley. 

Wheat. 
Barley. 

Wheat. 

Barley. 

Wheat. 
Barley. 


170. 
184. 

150. 
143. 

6.7 
6.3 

100. 
100. 

100. 

100. 

10. 

8. 


174. 
177. 

128. 
140. 

6.3 
5.8 

99. 
91. 

94. 

92. 

8.2 
7.8 


152. 
156. 

99. 
115. 

5.1 

4.7 

87. 
73. 

76. 

75. 

8.4 
7.5 


70. 
62. 

54. 
51. 

2.5 
2.4 

37. 
36. 

37. 


1.8 
0.5 


169. 
160. 

127. 
123. 

5.7 
5.5 

93. 
85. 

85. 

87. 

9. 
9. 


156. 
152. 

112. 
111. 

5.5 
4.9 

87. 
76. 

82. 

78. 

8.2 
9.0 


51. 


59. 
53. 

2.4 
2.4 

34. 
38. 

36. 

38. 

1.6 
0.2 


The  results  in  the  preceding  table  were  from  seedlings  grown 
between  February  27  and  March  16,  1907,  and  afford  a  comparison 
of  the  effect  of  the  sulfuric  and  hydrochloric  acids  on  the  two  kinds 
of  seedlings  grown  imder  the  same  conditions. 

When  acid  was  added  in  such  an  amoimt  that  a  neutral  solution 
would  be  changed  to  one  having  an  acidity  of  j^,  there  was  a  greater 
depression  caused  by  hydrochloric  acid  than  by  sulfuric  acid,  and  al- 
though th  e  relative  depression  in  transpiration  caused  by  the  acids 


*  Ayerage  number  of  oo.  of  -|^  sulfurio  acid  roquired  after  the  last  four  days'  growth  of 
the  plants,  to  make  neutral  to  methyl  orange  50  oc.  of  the  nutrient  solution  whioh  bad  bsso 


ethyl  orange  i 
made  up  to  the  original  volume.    Tan  oo.  is  equivalent  to  -g^. 
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Fig.  1. — Wheat  seeillings  grown  in  a  neutral,  nutrient  solution,  and  in  the  same- 
after  the  addition  of  sulfuric  acid. 
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Fig.  2. — Barley  seedlings  grown  in  a  neutral,  nutrient  solution,  and  in  the  same 
after  the  addition  of  sulfuric  acid. 
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was  somewhat  greater  with  the  barley  than  with  the  wheat,  there 
was  no  appreciable  difference  in  the  green  weight. 

With  the  f^  acids,  the  depression  in  growth  was  about  the  same 
by  both  acids,  and  here  again,  while  there  was  as  before  a  greater 
relative  depression  of  transpiration  with  the  barley  than  with  the 
wheat,  there  was  not  an  equal  difference  in  green  weight. 

The  Ym  acids  produced  a  uniform  depression  of  a  little  over  sixty 
per  cent,  in  both  transpiration  and  green  iveight.  Figures  1  and  2 
illustrate  the  effect  of  the  acid  upon  the  roots  as  well  as  upon  the 
tops. 

The  titrations  given  in  the  last  two  lines  of  the  table  show  how 
readily  the  acid  solutions  were  changed  to  alkaline  ones,  for  four 
days'  growth  was  sufficient  to  produce  a  degree  of  alkalinity  in  the 
solutions  to  which  the  acids  of  the  least  two  concentrations  were 
added,  which  was  practically  equal  to  that  produced  in  the  nutrient 
solution,  to  which  no  acid  at  all  had  been  added.  It  was  shown  by 
allowing  solutions  to  stand  in  bottles  unoccupied  by  plants,  that 
these  changes  were  not  attributable  to  the  bottles. 

In  the  preceding  experiments  the  young  seedlings  were  placed 
immediately  in  the  solutions  in  which  they  were  to  grow  during  the 
experiments,  whereas  in  the  test  which  follows,  the  seeds  were  ger- 
minated in  sand  and  were  placed  for  two  days  in  a  uniform  nutrient 
solution,  containing  solids  equal  to  about  225  parts  per  million, 
before  they  were  entered  upon  the  experiment  itself,  which  continued 
from  May  14  to  27,  1907.  The  four  different  kinds  of  seedlings  were 
grown  at  the  same  time  and  under  the  same  conditions,  with  the 
intention  of  making  a  strict  comparison  of  the  relative  effect  of  the 
acids  upon  them. 
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Table  VI. — TranspiraHon  and  Oreen  Weight,  in  Orama,  of  Wheal,  Rye,  Barley 
and  Oat  Seedlings  Grown  in  a  Neutral  Solution  and  in  the  eame  after  the 
Addition  of  Acid, 


Neutral. 

Addity 

Acidity 
by  sulfurio 
aotd.     N 

Acidity 
by  acetic 
acid.     ^ 

Addity 
by  acetic 
aod.      K 

Wheat. 

233. 
'   248. 

166. 

59. 

195. 

195. 

112. 

73. 

171. 

143. 

Transpiration, 
per  bottle, 
10  plants. 

Rye.... 
Barley. 

179. 

'   223. 

209. 

185. 

147. 

87. 

165. 

140. 

76. 
81. 
98. 
96. 

116. 
145. 
176. 
169. 

143. 
108. 
145. 
161. 

Oats. . . 

210. 
(144. 

151. 

84. 

148. 

111. 

. 

134. 

78. 

176. 

80. 

y- 

Wheat. 

(      6.1 
(      6.3 

5.9 

2.6 

5.3 

5.3 

4.7 

3.9 

5.0 

4.7 

Green  weight, 
per  bottle, 
10  plants. 

Rye.. . . 
Barley. 

(      4.5 
(      5.6 
(      6.4 
(      5.7 

4.7 
3.2 
5.6 
5.2 

3.1 
2.7 
4.5 
4.2 

3.5 
4.8 
5.8 
5.2 

3.8 
3.5 
4.6 
4.9 

• 
Oata... 

j      6.3 
(      4.9 

4.6 

3.4 

4.8 

3.6 

> 

4.8 

3.5 

5.8 

3.5 

Relative  trans- 
piration, per  ' 
20  plants. 

Wheat. 
Rye.. . . 
Barley. 
Oats. . . 

100. 
100. 
100. 
100. 

58. 
51. 
52. 
80. 

27. 
39. 
49. 
46. 

76. 
65. 
87. 
92. 

70. 
63. 
78. 
54. 

Relative  green 
weight;  per     - 
20  plants. 

Wheat. 
Rye.... 
Barley. 
Oats. . . 

100. 
100. 
100. 
100. 

85. 
78. 
89. 
83. 

52. 
57. 
72. 
62. 

83. 
82. 
91. 
95. 

81. 
72. 
79. 
63. 

r 

Wheat. 

8.8 

5.9 

1.8 

10.2 

9.3 

Alkalinity.* 

Rye.... 
Barley. 

8.3 
8.8 

4.0 
7.9 

2.3 
4.2 

7.3 
10.3 

5.5 
10.3 

^ 

Oats. . . 

10.8 

6.6 

1.1 

10.3 

8.3 

*  Average  number  of  oo.  of  y^  sulfurio  add  required  after  the  last  three  days'  growth  of 
the  plants  to  make  neutral  to  methyl  orange  50  oo.  of  the  nutrient  solution  which  had  been 
made  up  to  the  original  volume.    Ten  oo.  is  equivalent  to  -p^. 
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The  table  shows  that  the  depression  caused  by  each  acid  is  in 
every  case  relatively  greater  when  measured  by  transpiration  than 
by  green  weight,  although  this  difference  is  much  greater  with  the 
sulfuric  than  with  the  acetic  acid.  With  ^iW  acids,  the  relative 
transpiration  with  the  sulfiu'ic  acid  was  twenty  less  than  with  the 
acetic  acid,  taking  the  average  of  the  foiu'  crops;  whereas  the  dif- 
ference in  green  weight  similarly  considered  was  only  three  less. 
Again,  with  the  y^  acids,  the  average  relative  transpiration  was 
twenty-six  less  with  the  sulfiu'ic  than  with  the  acetic  acid,  while 
with  the  green  weight  the  difference  was  thirteen.  Although  in  the 
case  of  both  concentrations  the  relative  transpirations  were  con- 
siderably less  with  the  sulfuric  than  with  the  acetic  acid,  the  differ- 
ence according  to  the  relative  green  weights  was,  as  a  rule,  much 
less  marked. 

The  titration  figiu'es  at  the  bottom  of  the  table  show  that  the 
solutions  were  less  alkaline  after  three  days'  growth  in  the  presence 
of  even  the  more  dilute  sulfuric  acid,  than  those  to  which  no  acid 
had  been  added.  As  methyl  orange  is  not  sensitive  to  acetic  acid, 
the  high  apparent  alkalinity  in  the  solutions  to  which  this  acid  was 
added,  will  cause  no  surprise.  It  is  hardly  necessary  to  add  that  had 
phenolphthalein  been  used  as  an  indicator  in  this  instance,  instead 
of  methyl  orange,  the  alkalinity  would  have  appeared  much  less. 

Considering  now  the  main  object  of  the  experiment,  that  is,  the 
relative  effect  of  the  acids  upon  the  foiu'  cereals,  and  using  the  green 
weights  as  the  principal  criterion,  it  may  be  seen  that  with  ^^ 
sulfuric  acid,  the  relative  depression  ranged  from  11  per  cent,  with 
the  barley,  to  22  per  cent,  with  the  rye.  It  may  be  seen  at  once, 
however,  by  looking  al  the  wide  variation  in  the  green  weights  from 
the  individual  bottles,  in  many  of  the  series  in  this  particular  experi- 
ment, that  these  differences  based  upon  the  average  results  may  be 
without  any  particular  significance.  Take  a  severe  case  of  disagree- 
ment between  two  parallel  bottles,  for  example,  that  of  the  green 
weights  of  oats  in  neutral  solution,  and  it  may  be  seen  that  in  one 
bottle  4.9  grams  were  produced  and  in  the  other,  6.3  grams.     Had 
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either  one  of  these  weightSi  instead  of  the  average,  been  taken  as 
100  in  calculating  the  relative  depression  caused  by  the  acids,  very 
different  results  would  have  been  obtained.  The  same  objection 
must  be  raised  against  giving  much  significance  to  small  relative 
differences  in  the  action  of  the  acids  in  general,  upon  the  different 
seedlings. 

The  transpiration  figures  show  relatively  greater  differences  due 
to  particular  treatments,  than  the  green  weights,  but  they  do  not 
enable  one  to  say  with  any  degree  of  confidence  that  one  cereal  is 
more  resistant  to  these  acids  than  another.  It  would  appear  from 
the  relative  transpiration  figures  that  oats  were  more  resistant  to 
Ygjfjf  sulfuric  acid  than  the  other  cereals,  and  yet  with  the  stronger 
acid  the  figures  do  not  show  it  to  be  any  more  resistant  than  barley. 
In  table  V  the  transpiration  figures  indicated  that  wheat  was  more 
resistant  than  barley;  but,  on  the  whole,  the  same  could  not  be  said 
after  an  inspection  of  the  relative  transpirations  given  in  table  VI. 
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Table  VII. — Transpiration  and  Oreen  Weight,  in  GramSy  of  Barley  and  Rye 
Seedlinge  Oroum  in  a  Neutral  Solution,  and  in  the  same  after  the  Addition 
of  SuLfwric  Acid, 


Acidity 

Acidity 

Neutml. 

by  Bulf  urio 
add.     N 

by  sulfuric 

r 

( 

163. 

98. 

103. 

Barley.  \ 

136. 

145. 

130. 

Transpiration,  per  bottle,  10 

( 

145. 

113. 

106. 

plants. 

( 

154. 

137. 

117. 

Rye...  \ 

155. 

127. 

101. 

w 

\ 

152. 

135. 

121. 

r 

i 

6.7 

3.9 

4.3 

Barley.  \ 

5.8 

6.2 

5.1 

Green  weight,  per  bottle,  10 

I 

6.2 

5.1 

4.4 

plants. 

( 

6.1 

4.6 

4.6 

Rye....-^ 

6.2 

4.4 

3.9 

. 

( 

5.5 

5.4 

4.8 

Relative  transpiration,  30  plants. . . 

Barley.... 
Rye 

100. 
100. 

80. 
86. 

76. 
73. 

Relative  green  weight,  30  plants.      ^ 

Barley...;. 
Rye 

100. 
100. 

82. 
81. 

73. 

74. 

Methyl  orange.  \ 

Barley 

Rye 

8.0 
8.1 

5.6 
6.2 

4.3 
3.2 

Alkalinity.* 

Phenolphthalein.  < 

Barley.... 
Rye 

8.4 
8.6 

6.5 
6.7 

5.4 
4.1 

*  Aveimge  number  of  co.  of  -j^  sulfuric  acid  required  after  the  last  four  days'  growth  of 
the  plants,  to  neutralise  50  cc.  of  the  nutrient  solution  wluch  had  been  made  up  to  the  original 
Tolume.  Ten  oc  is  equivalent  to  j^.  With  the  phenolphthalein,  an  excess  of  the  sulfuric 
acid  was  added,  the  solution  boiled  to  remove  carbon  dioxid.  and  the  excess  of  acid  titrated 
against  potassium  bydroxid. 
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Table  YllL— Transpiration  and  Oreen  Weight,  in  Orams,  of  Barley  and  Rye 
Seedlings  Orovm  in  a  Neutral  Solution,  and  in  the  same  after  the  Addition 
of  Sulfuric  Acid, 


Neutml. 

1 

Acidity 
by  sulfuric 

117. 

86. 

99. 

98. 

105. 

96. 

127. 

110. 

136. 

95. 

112. 

109. 

5.4 

3.9 

5.3 

4  5 

4.9 

4.3 

5.1 

4.1 

5.1 

3.6 

4.8 

4.2 

100. 

87. 

100. 

84. 

100. 

85. 

100. 

79. 

9.4 

7.2 

9.5 

6.8 

9.0 

5.9 

8.8 

6.0 

Acidity 
by  sulfuric 
acid.     ^ 
^^'  Iff 


TraiiBpiration,  per  bottle,  10  plants  ^ 


Green  weight,  per  bottle,  10  plants. 


) 


Barley, 


Rye....-) 


Relative  transpiration,  30  plants.     ■]  '  ^ 


Relative  green  weight,  30  plants.      < 

I     Methyl  orange  •< 

Alkalinity.*      -l  | 

Phenolphthalein.  < 


Barley  . . 
Rye.. 

Barley.. 
Rye. . . . 
Barley. . 
Rye.... 


69. 

83. 

111. 

85. 
81. 
81. 

3.9 
4.1 
4.6 

3.6 
3.6 
3.7 

82. 
65. 

81. 
73. 

5.1 
3.2 
3.9 
1.7 


Table  VII  records  the  results  of  an  experiment  performed  between 
August  31  and  September  14,  1907  and  table  VIII,  one  carried  on 
between  September  16  and  October  1.    On  accoimt  of  the  indications 

*  Average  number  of  co.  of  y^^  sulfuric  acid  required,  after  the  last  four  days'  growth  of 
the  plants,  to  neutralise  50  cc.  of  the  nutrient  solution  which  had  been  made  up  to  the  original 
volume.  Ten  cc.  is  equivalent  to  jki^.  With  the  phenolphthalein.  an  excess  of  the  sulfuric 
add  was  added,  the  solution  boiled  to  remove  carbon  dioxid,  and  the  excess  of  acid  titzated 
against  potassium  hydroxid. 
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furnished  by  the  experiments  which  preceded  these  two,  to  the  effect 
that  no  great  differences,  if  any,  existed  in  the  resistance  of  the 
different  seedlings  to  acid  nutrient  solutions,  it  was  decided  to  con- 
fine the  work  to  barley  and  rye,  as  these  two,  of  the  four  cereals 
which  have  been  considered,  were  the  ones  which  differed  most 
widely  as  affected  by  liming. 

Conditions  which  are  somewhat  unfavorable  to  the  growth  of 
plants  naturally  give  rise  to  increased  individuality,  and  in  this 
work  with  acid  solutions  there  were  frequently  quite  wide  differences 
in  the  growth  in  two  bottles  receiving  the  same  treatment.  For 
this  reason  three  bottles,  containing  ten  plants  each,  were  included 
in  each  group  in  the  two  foregoing  experiments,  and  the  results 
obtained  in  the  case  of  each  individual  bottle  are  given  as  usual. 

The  relative  transpirations  and  green  weights  agree  with  each 
other  fairly  well  for  a  given  plant,  and  from  table  VII  it  will  be  seen 
that  by  either  criterion,  the  two  cereals  were  about  equally  affected 
by  the  acid,  the  widest  difference  being  in  the  relative  transpirations 
with  the  j^  acid  solution,  namely:  between  barley  at  80,  and  rye 
at  86.  Because  of  the  rather  wide  differences  in  the  transpiration 
of  the  plants  from  the  individual  bottles  containing  the  barley, 
however,  this  small  difference  cannot  be  considered  as  having  much 
significance.  According  to  table  VIII,  the  depression  caused  by 
both  degrees  of  acidity  was  greater  with  the  rye  than  with  the  barley, 
both  by  transpiration  and  green  weight. 

Owing  to  the  tendency  of  the  seedlings  to  counteract  the  acidity 
of  the  solutions  to  which  acid  had  been  added,  the  effect  of  a  given 
concentration  of  acid  would  be  expected  to  vary  considerably  with  a 
particular  plant,  depending  upon  the  frequency  with  which  the  solu- 
tions were  changed.  Differences  in  climatic  conditions  also  would 
be  expected  to  exert  considerable  effect,  either  directly  or  indirectly, 
upon  the  degree  of  injury  which  the  seedlings  would  receive.  It 
should  not  be  expected,  therefore,  that  the  depression  in  growth 
would  necessarily  be  greater  with  each  comparatively  small  increase 
in  the  concentration  of  the  added  acid,  unless  other  conditions  were 
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constant.  For  tnis  reason  the  results  of  one  experiment  cannot  be 
compared  strictly  with  those  of  another.  Nevertheless,  in  order  to 
give  the  reader  a  general  idea  of  the  e£fect  which  acids  exert  in  a 
nutrient  solution,  the  following  table  has  been  compiled  from  those 
which  precede. 

Table  IX. — RelaHve  Oreen  Weights  of  Cereal  Seedlinga  Grown  in  NtUrienl  Solur 
Hone  of  Different  Degrees  of  Acidity.    (Weight  in  **  Neutral "  Solution  as  100) 

N  N  N  y 

Wheat—  *ooo  2fi00  16«7  i2so 

Table  II,  HQ 51 

Table  IV,  HQ 100 

Table  IV,H,SO, 99 

Table  V,  HQ 85  S2  36 

Table  V,  H,SO^ 94  76  37 

Table  VI,  H,SO^ 85  52 

Barley — 

Table    III,Ha 

Table      V.  HQ 87  78  38 

Table       V,  H,SO^ 92  75  38 

Table     VI  H,SO^..... 89  72 

Table    VII,  H,SO^ 82  73 

Table  VIII,  H,SO^ 85  81 

Rye- 
Table     VI,H,SO^ 78  57 

Table   VII,  H,SO^ 81  74 

Table  VIII,  H,SO^ 79  73 

Oata— 

Table     VI,  H,SO^ 83  62 

Average 93  81  64  37 

The  preceding  table  is  not  presented  for  the  purpose  of  pointing 
out  dififerences  in  the  action  of  the  two  acids,  nor  their  individual 
efifect  upon  the  different  kinds  of  seedlings;  but  principally  to  show, 
in  a  very  general  way,  the  efifect  of  acid  in  nutrient  solutions  on 
seedlings  grown  under  somewhat  varjdng  conditions. 

The  authors  are  not  unmindful  of  the  work  of  other  investigators 
on  the  efifect  of  acids  on  seedlings,  but  owing  to  the  different  manner 
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of  measuring  the  effects,  it  would  be  futile  to  attempt  any  strict 
comparisons.  Cameron  and  Breazeale'*'  have  shown  that  the  strong 
mineral  acids  when  used  alone  were  toxic  to  wheat  seedlings  when 
the  strength  was  only  about  rtrnf  ^^^  ui  the  presence  of  a  certain 
amount  of  potassium,  and  again  of  calcium,  the  limit  was  changed 
respectively,  to  about  j^^  and  ysjfv.  They  accepted  the  death  of 
the  tips  of  the  roots  for  a  short  distance  from  the  ends,  as  a  measure 
of  the  toxic  limit,  or  "concentrations  just  permitting  growth  to  con- 
tinue in  upwards  of  60  per  cent,  of  the  seedlings  were  considered 
toxic."  These  figures  show  the  great  influence  of  the  accompanying 
salts  upon  the  toxicity  of  acid  solutions,  and  it  is  obvious  from  the 
results  in  table  IX,  that,  with  complete  nutrient  solutions,  seedlings 
are  able  to  Uve  when  placed  in  a  relatively  strong  acid  solution. 
Even  in  the  presence  of  a  nutrient  solution  with  an  acidity  equal  to 
itUj  which  was  changed  every  two  to  four  days,  the  growth  during 
two  to  three  weeks  was  one-third  of  that  in  the  unacidulated  solution. 
The  roots  were  very  much  shortened  as  may  be  seen  by  consulting 
figiu'es  I  and  II,  and  they  showed  very  little  tendency  to  branch; 
but  the  tops  remained  of  normal  color,  and  the  plants  exhibited  no 
sure  signs  of  death  within  the  two  to  three  weeks.  Owing  to  the 
disturbance  caused  by  removing  the  seeds,  these  experiments  were 
conducted  without  their  removal.  The  plants  were  suspended  in 
such  a  way  that  the  seeds  were  above  the  solution.  The  contents 
of  the  seeds  had  usually  been  practically  all  absorbed  by  about  the 
sixth  day. 

In  the  first  part  of  this  paper  the  effect  of  liming  upon  the  growth 
to  maturity  of  certain  of  our  common  cereals  in  the  field  was  shown, 
and  particularly  the  great  difference  between  rye  and  barley  in  this 
respect.  Rye  was  only  slightly  if  at  all  benefited,  whereas  an  in- 
crease of  from  100  to  200  per  cent.,  due  to  the  liming,  was  not  un- 
common with  the  barley.  Furthermore,  a  difference  in  the  two 
cereals  with  respect  to  liming  was  plainly  shown  in  the  first  few 
weeks  of  their  growth  in  the  field,  or  within  a  period  of  growth  in 

*  Journal  of  Physical  Chem.  8.  11-12  (1004). 
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which  the  experiments  in  solution  herein  described  were  conducted. 
One  might  be  led  to  believe  from  this,  that  the  barley  seedlings  would 
be  much  more  susceptible  than  the  rye  seedlings  to  injury  from 
acidity  in  nutrient  solutions,  but  such  appears  not  to  be  the  case, 
as  may  be  seen  by  a  comparison  of  the  average  depression  in  the 
green  weights  of  these  two  cereals  when  grown  under  identical  con- 
ditions. In  table  VI  with  two  different  strengths  of  sulfuric  acid, 
as  well  as  with  the  acetic  acid,  the  average  depression  was  in  each 
case  greater  with  the  rye  than  with  the  barley.  In  table  VII,  there 
was  practically  no  difference  in  the  two  cereals.  In  table  VIII,  the 
rye  again  suffered  the  greater  depression,  especially  with  the  greater 
degree  of  acidity.  Although  one  would  hesitate  to  conclude  from  a 
careful  inspection  of  the  data  presented  herewith,  that  rye  seedlings 
were  more  susceptible  than  barley  seedlings  to  injiu'y  from  acid 
nutrient  solutions,  there  is  certainly  no  evidence  whatever  afforded 
by  these  experiments,  that  the  reverse  is  true. 

It  should  not  be  concluded  from  these  solution  experiments  that 
the  very  beneficial  effect  of  liming,  in  the  case  of  field  experiments 
with  barley,  might  not  be  due  directly  to  the  neutralization  of  acid 
substances  in  the  soil,  for  of  course  the  conditions  of  growth  in  the 
field  and  in  solution  are  very  different,  and  there  are  many  kinds  of 
acid  substances.  Nevertheless  these  results  indicate  that  other 
chemical  changes  as  well  as  those  of  neutralization,  must  be  studied 
before  the  remarkable  differences  exhibited  by  plants  as  to  the  effect 
of  liming  upon  them  will  be  imderstood. 

It  would  be  unwise  to  discontinue  the  use  of  tests  for  soil  acidity 
as  an  indication  of  the  lime  requirements  of  a  soil  so  long  as  they  are 
useful  in  farm  practice,  even  if  the  beneficial  action  of  calcium  car- 
bonate and  other  alkaline  material  upon  extracts  of  certain  infertile 
soils  is  due  to  some  other  effect  than  that  of  direct  neutralization  of 
the  acidity,  which  appears  to  Livingston  et  aV^  to  be  the  case;  and 
even  if  wide  application  were  made  of  the  suggestion  of  Cameron  and 
Bellt  that  the  reddening  of  blue  litmus  paper  which  frequently 

*  Bureau  of  Soils,  U.  S.  Dept.  of  Agr..  Bui.  36.  41. 
t  Bureau  of  Soib,  Bui.  30.  59-60. 
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occurs  when  this  material  is  placed  in  intimate  contact  with  moist 
«oil,  may  be  due  to  absorption  effects.  So  far  as  is  now  known,  a 
soil  which  may  possess  such  strong  absorptive  properties  for  bases 
AS  to  be  able  to  remove  the  base  from  the  coloring  matter  of  blue 
litmus  paper  thereby  leaving  a  pink  color,  as  suggested  by  Cameron 
and  Bell,  may  need  to  have  this  demand  satisfied  by  the  addition  of 
basic  material;  and  if  an  acid  reaction  should  prove  to  be  a  usual 
accompaniment  of  certain  toxic  substances,  as  it  appears  to  Liv* 
ingston  et  al*  then  the  litmus  paper  and  other  tests  for  soil  acidity 
may  continue  to  serve  a  useful  purpose,  f 

Summary. 

The  published  results  of  the  field  experiments  at  this  Station,  con- 
cerning the  effect  of  liming  on  the  growth  of  a  large  variety  of  plants 
show  that,  among  the  common  cereals,  rye  and  barley  might  be 
selected  as  two  crops  which  are  very  differently  affected.  Under 
conditions  showing  very  little  influence  of  the  liming  upon  the 
growth  of  rye,  the  growth  of  the  barley  plants  was  quite  commonly 
increased  100  to  200  per  cent. 

The  principal  object  of  the  experiments  described  in  this  paper 
was  to  secure  some  indications  as  to  whether  varieties  of  plants 
which  were  most  benefited  by  liming,  were  likewise  most  susceptible 
to  injury  by  certain  acids,  when  their  seedlings  were  grown  in  nutrient 
solutions  possessing  definite  degrees  of  acidity. 

After  some  preliminary  experiments  with  different  plants  and 
solutions,  attention  was  given  especially  to  the  relative  effect  upon 
rye  and  barley,  the  two  crops  mentioned  above,  of  the  addition  of 
acids  to  the  nutrient  solution  in  which  they  were  grown. 

The  water-culture  experiments  showed  that  barley  seedlings  were 
not  more  susceptible  than  rye  seedlings  to  injury  from  acidified 

*  Bureau  of  Soils.  36.  42. 

t  Attention  has  been  called  repeatedly  at  this  Station  to  the  possibility  of  acid  or  non-acid 
toxic  compounds  accompanying  the  soil  acidity  or  the  lack  of  basic  substances.  (Ann.  Repts. 
8,  260  (1895):  9.  307  (1806);  13.  203  (1000). 
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nutrient  solutions,  even  though  the  field  results  proved  that  barley 
received  very  much  more  benefit  than  rye,  from  liming. 

While  recognizing  the  caution  which  should  be  exercised  in  draw- 
ing conclusions  concerning  growth  in  the  soil,  from  results  secured 
by  solution  cultures,  it  seems  certain,  in  searching  for  an  explanation 
of  the  great  differences  exhibited  by  different  kinds  of  plants  in 
respect  to  liming,  that  other  chemical  properties  of  lime  should  be 
prominently  studied  along  with  its  fimction  as  a  corrector  of  acidity, 
even  when  attention  has  been  given  to  the  plant-food  ingredients. 

According  to  the  method  of  experimentation  employed,  the  growth 
of  wheat,  rye,  barley,  and  oat  seedlings  was  not  materially  influenced 
by  any  degree  of  alkalinity  which  is  insufficient  to  cause  precipitation 
from  an  ordinary  nutrient  solution. 

The  growth  of  these  same  seedlings,  in  nutrient  solutions,  was 
likewise  scarcely  affected  by  an  acidity  equal  to  about  j^  or  less. 
A  depression  in  green  weight  of  about  20  per  cent,  resulted  when  the 
acidity  equalled  j^,  and  an  increase  in  the  acidity  to  about  rrrn 
and  y^v,  decreased  the  production  of  green  weight  around  40  and  60 
per  cent.,  respectively. 

The  very  marked  property  of  the  seedlings  of  rendering  the 
nutrient  solutions  alkaline  was  measured  by  titrations  against 
standard  acid  at  the  end  of  the  final  periods  of  growth. 

Even  if  it  should  be  proven  beyond  question  that  the  so-called 
acid  soils  are  not  injurious  to  the  growth  of  certain  plants  because 
of  a  noxious  degree  of  acidity,  but  rather  owing  to  accompanying 
toxic  compoimds,  it  would  surely  be  unwise  to  discontinue  the  use 
of  the  litmus  paper  or  other  tests  for  soil  acidity  so  long  as  valuable 
indications  are  afforded  by  them  concerning  the  need  of  applications 
of  biisic  material. 
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Summary,  July  1,  1906,  to  June  30,  1907. 

Temperature,  Fahrenheit. 

Maximum 90°  September  19,  1906. 

Blinimum e —9°  January  24,  February  23,  1907. 

ffighest  daily  mean 76.?°  August  23,  September  19,  1906. 

Lowest  daily  mean 0.5°  January  24,  1907. 

Highest  monthly  mean 70.4°  August,  1906. 

Lowest  monthly  mean 20.3°  February,  1907. 

Mean  of  the  year 46.5° 

Precipitation,     (Rain  and  melted  Snow.) 

Total  for  the  year 48.01  inches. 

Largest  monthly 5.82  inches,  December,  1906. 

Least  monthly 1.02  inches,  August  1906. 

Greatest   in  any    24   consecutive 

hours 2.31  inches,  October  20,  1906. 

Snowfall  (unmelted) 63       inches;  December,  7  inches; 

January,  12  inches;  February,  30  inches;  March,  12  inches;  April, 

2  inches. 

Prevailing  Winds. 

Northeast;  October,  1906.  Southwest;  July,  1906.  West;  Au- 
gust, September,  November,  December,  1906;  January,  February, 
March,  April,  May,  June,  1907. 

S6 
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Weather. 

Number  of  clear  days  in  the*  year 136 

Partly  cloudy  days 114 

Cloudy  days 115 

Days  with  .01  inch  or  more  of  precipitation 120 

The  principal  characteristics  of  the  weather  for  each  month  were  as 
follows: 

Cloudy  and  wet  weather  prevailed  in  July  to  such  an  extent  that 
the  harvesting  of  the  hay  crop  was  seriously  interfered  with,  and  at 
the  end  of  the  month  a  large  quantity  of  grass  remained  uncut.  The 
mean  temperature  was  slightly  below  the  average  for  the  month. 

The  total  precipitation  for  August  was  the  least  for  the  month 
in  the  entire  Station  record,  covering  nineteen  years,  it  being  about 
one-fourth  of  the  average  for  the  month  during  that  time.  The 
mean  temperature  was  about  2^  above  the  normal  for  the  month. 

The  mean  temperature  of  September  was  above  the  normal  for 
the  month,  and  the  highest  temperature  of  the  summer  was  regis- 
tered on  the  19th.    The  total  rainfall  was  slightly  above  the  average. 

The  total  precipitation  for  October  was  three  times  as  much  as 
that  for  the  same  month  in  1905,  and  the  largest  for  the  month 
since  1898.  The  mean  temperature  was  but  slightly  above  the 
normal  for  the  month. 

The  mean  temperature  and  total  precipitation  for  November 
were  each  below  the  normal  for  the  month.  There  were  flurries  of 
snow  in  the  afternoon  of  the  13th,  and  a  trace  of  snow  fell  on  the 
28th. 

Cloudy  weather  prevailed  during  the  month  of  December,  and 
precipitation  in  the  form  of  rain  or  snow  was  very  frequent.  There 
were  but  four  clear  days  in  the  month.  The  mean  temperature  was 
below  the  normal. 
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The  mean  temperature  of  January  was  very  near,  and  the  pre- 
cipitation slightly  below,  the  normal  of  the  month.  A  large  quantity 
of  ice  was  harvested  during  the  latter  part  of  the  month. 

With  the  exception  of  January,  1893,  February  was  the  coldest 
month  on  the  record  for  eighteen  years.  There  was  snow  on  the 
ground  throughout  the  month. 

The  maximum  temperature  of  76®  was  the  highest  for  March  dur- 
ing the  record  of  eighteen  years.  The  mean  temperature  was  slightly 
above,  and  the  precipitation  about  2  inches  less  than,  the  normal  for 
the  month. 

It  was  the  coldest  April  on  the  Station  record.  At  the  close  of 
the  month  the  season  was  very  backward,  and  but  little  planting  had 
been  done  on  account  of  the  low  temperature  of  the  ground.  The 
mean  temperature  was  nearly  4°  below  the  normal  for  the  month. 

May  was  another  cold  month,  and  the  same  remark  is  to  be  made 
concerning  it  as  was  made  of  the  month  previous,  namely,  that  it 
was  the  coldest  May  on  the  records  at  the  Station.  The  mean  tem- 
perature was  more  than  5®  below  the  average  for  the  month. 

The  first  part  of  June  was  cold,  and  there  was  frost  on  low  land 
on  the  1st,  12th,  and  13th.  The  high  temperatures  of  the  last  part 
of  the  month  helped  to  J3ring  the  record  very  nearly  up  to  the  normal. 

The  following  tables  show  the  maximimi,  minimum,  and  mean 
temperatures,  character  of  day,  precipitation,  and  prevailing  wind 
for  each  day  in  the  year,  a  summary  by  months  for  1906-1907,  and 
also  a  general  summary  from  January  1,  1890,  to  June  30,  1907,  in- 
clusive: 
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WEATHER  SUMMARY  FOR  JULY,  1906. 


TUIPKBATUKE. 

Peschtta- 

TION. 

(Inohas.) 

Prkvailino 
Wind. 

Charactbb 
or  Day. 

Max. 

MiN. 

Mean. 

1 

74« 

63'» 

63.5« 

N. 

Fair. 

2 

77 

68 

67.6 

.23 

S.  W. 

Fair. 

81 

63 

72.0 

.06 

8.  E. 

Fair. 

70 

64 

67.0 

.82 

S. 

aoDdy. 

73 

57 

66.0 

E. 

Cl«ar. 

70 
64 

54 
50 

62.0 
67.0 

N.  E. 

Fair. 

.60 

Rainy. 

72 

57 

64.6 

.15 

8.  E. 

Ooudy. 

70 

50 

64.5 

.04 

W. 

Ooudy. 

82 

69 

70.6 

.02 

8.W. 

Ckar. 

78 

61 

60.5 

N. 

Qear. 

77 

66 

66.6 

W. 

CUtur. 

80 

58 

69.0 

8.  W. 

Qear. 

76 

66 

66.0 

N.  R 

Fair. 

81 

64 

67.6 

Variable. 

Fair. 

80 

58 

60.0 

.40 

Variable. 

Dear. 

82 

65 

73,5 

.11 

8.  W. 

Fair. 

83 

68 

76.6 

W. 

Clear. 

83 

63 

73.0 

8.  E. 

dear. 

20 

80 

64 

72.0 

S. 

Fair. 

21 

76 

66 

70.6 

.28 

8. 

aoudy. 

22 

86 

66 

76.0 

. 

8.  W. 

Fkir. 

23 

7« 

68 

71.5 

.07 

8. 

Cloudy. 

24 

72 

64 

68.0 

.96 

S. 

Rainy. 

25 

72 
68 

68 

64 

66.0 
61.0 

N.  E. 

N.  E. 

Fair. 

26 

Foggy. 

27 

74 
79 

69 
60 

66.6 
69.5 

N.  E. 
W. 

Cloudy. 

28 

Qoudy. 

29 

78 

64 

71.0 

8.  W. 

Caoudy. 

30 

76 

67 

71.5 

.40 

8. 

Ooudy. 

31 

85 
2,373 
76.6 

66 
1.869 
60.3 

76.5 
2.121 
68.4 

W. 

Fair. 

406 

Maan 

Clear  days.  8;   Fair.  11;   Goudy.  12;   PrevaiUng  wind.  8.  W;    Maxiroum  temperature.  86*; 
Minimum  temperature,  60". 
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Tempbbatubb.' 

Pbecipita- 

TION. 

(Inches.) 

PREVAIUNa 

Wind. 

or  Dat. 

' 

Max. 

MiN. 

Mean. 

1 

2 
8 

4 
5 

70* 

71 

72 

80 

87 

87 

89 

70 

81 

70 

86 

87 

76 

81 

75 

79 

83 

84 

87 

83 

75 

82 

85 

73 

73 

81 

78 

80 

78 

82 

80 

2.465 

79.6 

65* 

61 

62 

62 

65 

66 

67 

65 

61 

57 

62 

68 

55 

55 

58 

50 

58 

58 

62 

66 

69 

68 

68 

57 

51 

59 

65 

64 

61 

62 

58 

1.902 

61.3 

67.5* 
67.0 
67.0 
71.0 
76.0 
76.5 
78.0 
67.5 
71.0 
63.5 
74.0 
77.5 
65.5 
68.0 
64.0 
64.5 
70.5 
71.0 
74.5 
74.5 
72.0 
75.0 
76.5 
65.0 
62.0 
70.0 
71.5 
72.0 
69.5 
72.0 
69.0 
218.4 
70.4 

.16 

.03 

.03 

Trace. 

N.  R 
N.  R 
N.R 
8.R 

Variable. 
8.  W. 
8.W. 
N.R 
N.R 
N.R 
8.  W. 
W. 

Variable. 

W. 

N.W. 

Variable. 
8. 

w. 

w.- 

w. 

8.W. 

8. 
8.W. 

N.R 
8.  R 

8. 

8. 

W. 
8.  W. 
8.  W. 
N.W. 

Foffgy. 
Cloudy. 
Qoudy. 
Qoudy. 
Clear. 

6 

Clear. 

7 

Fair. 

8 
9 

.22 

Cloudy. 
Clear. 

10 
11 

.23 

Fog  and  Rain 
Fair. 

12 

Clear. 

18 

Clear. 

14 

Gear. 

15 

Clear. 

16 

Clear. 

17 

Clear. 

18 

Clear. 

19 

Clear. 

20 

Fair. 

21 
22 

Tiace. 

Cloudy. 
Fair. 

23 

Fair. 

24 
25 

.29 

Fair. 
Clear. 

26 

Clear. 

27 
28 
29 

.04 
.02 

Cloudy. 
Cloudy. 
Clear. 

30 

Qoudy. 
Clear. 

31 

flfini 

1.02 

Mean 

CSear  dasw.  16;   Fair.  9;   Cloudy,  6;    Prevailinc  wind.  West;     Maximum  temperature,  89* ; 
Minimimi  temperature,  50*. 
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WEATHER  SUBOiARY  FOR  SEPTEMBER,  1906. 


Tbmpebatttbe. 

Pbecipita- 

TXON. 

(Inohes.) 

Prevaiung 
Wind. 

CHAXACm 

or  Dat. 

Max. 

MiN. 

Mean. 

1 

72« 

76 

83 

74 

72 

78 

84 

72 

79 

82 

73 

70 

77 

76 

66 

68 

72 

85 
•90 

78 

82 

66 

77 

66 

65 

70 

67 

70 

67 

69 

2,226 

742 

52« 
44 

62 

49 

41 

46 

58 

54 

51 

61 

57 

57 

62 

58 

50 

44 

50 

56 

63 

62 

63 

59 

61 

46 

39 

42 

55 

49 

48 

46 
1.585 
52.8 

62.0** 
60.0 
72.5 
61.5 
56.5 
62.0 
71.0 
63.0 
65.0 
71.5 
65.0 
63.5 
69.5 
67.0 
58.0 
56.0 
61.0 
70.5 
76.5 
70.0 
72.5 
62.5 
69.0 
56.0 
52.0 
56.0 
61.0 
59.5 
57.5 
57.5 
1905.5 
63.5 

N.  W. 

8.  W. 

W. 
N.  W. 
Variable. 
8.  W. 
N.  W. 
N.  R 
8.  W. 

N. 
8.  R 
8.  R 

8. 
N.  W. 
N.  R 
N.  R 
8.  R 
8.W. 

W. 

R 

N. 

R 

W. 
N.  W. 
8.  R 

8. 
S.W. 
N.  R 
8.  R 

N. 

Clear. 

2 

Fair. 

3 
4 

.15 

Fair. 
C3«ar. 

5 

Cleat. 

6 

Ckar. 

7 

Clear. 

8 

Oear. 

9 

Oear. 

10 

Clear. 

11 

Clear. 

12 
13 
14 
15 

.28 
.22 
.75 

Fair. 

aoudy. 

Fair. 

Clear. 

16 

Qear. 

17 

C3ear. 

18 

Oear. 

19 

Clear. 

20 

Cloudy. 

21 
22 
23 

.35 
2.28 

Clear. 
Rainy. 
Fair. 

24 

Clear. 

25 

Clear. 

26 

dear. 

27 
28 

.13 

Fair. 
Clear. 

29 

Fklr. 

30 

Sum 

Mean 

.12 
4.28 

aoudy. 

Clear  days,  19;    Fair.  7;    Cloudy.  4;    Prevailing  wind,  West;     Maximum  temperature.  90*; 
Minimum  temperature,  39**. 


Digitized  by  VjOOQIC 


Report  of  the  Meteorologist. 
WEATHER  SUMMARY  FOR  OCTOBER,  1906. 


387 


Tkiipebatubx. 

Preciptta- 
noN. 

(Inohea.) 

Pbevaiuno 
Wind. 

OF  Day. 

Max. 

MlN. 

Mean. 

1 

61« 

37* 

49.0*» 

8.  E. 

Fair. 

2 

66 

45 

55.5 

.03 

N.  R 

Fair. 

3 

68 

44 

56.0 

R 

Cloudy. 
Fair. 

4 

71 

47 

59.0 

R 

5 

77 

52 

64.5 

N.  R 

Clear 

6 

68 

52 

60.0 

.82 

S.  R 

Cloudy. 

7 

60 

41 

50.5 

W. 

Fair. 

8 

61 
70 

36 
46 

48.5 
58.0 

8.  R 
8. 

Clear. 

9 

.18 

Rainy. 

10 

52 

42 

47.0 

1.44 

W. 

Fair. 

11 

51 

35 

43.0 

.08 

w. 

Fair. 

12 

53 
55 

29 
30 

41.0 
42.5 

w. 

R 

Clear. 

13 

aear. 

14 

60 

34 

47.0 

N.  R 

Clear. 

15 

65 

40 

52.5 

N.  R 

Clear. 

16 

65 
53 

44 

46 

54.5 
49.5 

N.  R 
N.  R 

Fair. 

17 

Cloudy. 

18 

62 

46 

54.0 

N.  R 

Qoudy. 
Fair. 

19 

68 

52 

60.0 

N.  R 

20 

65 

56 

60.5 

2.31 

R 

Rainy. 

21 

57 

49 

53.0 

N.  R 

Cloudy. 

22 

54 

47 

50.5 

N.  R 

Cloudy. 

23 

69 

49 

59.0 

Variable. 

Gear. 

24 

58 
68 

44 
51 

51.0 
59.5 

N.  R 

8. 

Fair. 

25 

.46 

Fair. 

26 

62 
66 
62 
47 

40 
40 
43 
33 

51.0 
53.0 
52.5 
40.0 

N.  W. 
8.  R 

W. 

W. 

Clear. 

27 

Clear. 

28 

Clear. 

29 

Fair. 

30 

53 

31 

42.0 

8.  R 

Cloudy, 
aoudy. 

31 

51 

35 

43.0 

.36 

N.  R 

Bum. . .    .... 

1398 

1,316 

1,607 

5.68 

Mean 

61.2 

42.4 

51.8 

Clear  days,  10;  Fair.  11;  Cloudy.  10;  Prevailing  wind,  N.  E;  MaTimum  temperature.  77**; 
— i— lum  temperature,  29*. 
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WEATHER  SUMMARY  FOR  NOVEMBER,  1906. 


Temperaturs. 

pRsanTA- 

TIOK. 

(Inches.) 

Prevazlino 
Wdid. 

CBABACm 

OP  Dat. 

Max. 

MiN. 

Mean. 

1 

47* 

80* 

38.5* 

N.  W. 

Fair. 

2 

44 

83 

88.5 

N.  W. 

Cloady. 

3 

61 

34 

47.5 

N.  W. 

Clear. 

4 

54 

88 

43.5 

N.  W. 

Omr. 

5 

55 

25 

40.0 

N. 

Oear. 

6 

55 

31 

43.0 

N.  W. 

Clear. 

7 

52 
48 

29 
25 

40.5 
36.5 

N.  W. 

N.  W. 

Clear. 

8 

Clear. 

9 

50 

28 

39.0 

S.  E. 

Fair. 

10 

55 

40 

47.5 

Trace. 

N.  W. 

Fair. 

11 

45 

87 

41.0 

1.34 

N.  R 

Rainy. 

12 

44 

82 

88.0 

W. 

Fair. 

13 

42 

27 

34.5 

W. 

Clear. 

14 

87 
41 

22 
23 

29.5 
82.0 

w. 

N.  E. 

Clear. 

15 

1.63 

Bainy. 

16 

41 

80 

35.5 

N.  W. 

Fair. 

17 

52 
62 

28 
44 

40.0 
58.0 

W. 

S.  W. 

Omr. 

18 

Cloudy. 

19 

64 

49 

56.5 

.13 

w. 

Fair. 

20 

60 

46 

58.0 

8.  W. 

aoudy. 
aondy. 

21 

48 

87 

42.5 

.16 

R 

22 

57 

89 

48.0 

.10 

W. 

Fair. 

23 

47 

82 

39.5 

W. 

Clear. 

24 

42 
50 

28 
25 

35.0 
37.5 

W. 
W. 

Clear. 

25 

Omr, 

26 

49 

86 

42.5 

.03 

W. 

aoudy. 

27 

52 

84 

43.0 

W. 

Fkir. 

28 

84 

30 

32.0 

.09 

N. 

Bainy. 

29 

84 

41 
1.463 
48.8 

22 

18 
947 
81.6 

28.0 
29.5 
1.205 
40.2 

N.  W. 
N.  W. 

Clear. 

80 

Fair. 

Sum. .    ...    . 

3.48 

Mean 

Clear  dasrs,  13;    Fair,  9;    Cloudy,  8;  Prevailing  wind.  Weet;   Maximum  temperature,  64** 
Minimum  temperature.  18*. 
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WEATHER  SUMMARY   FOR  DECEMBER,  1906. 


Iempebatttbk. 

Precipita- 
tion. 

(Inohw.) 

Pbbvailino 
Wind. 

OF  Day. 

Max. 

MiN. 

Mban. 

1 

46» 

31* 

38.0* 

.06 

w. 

Fair. 

2 

32 

11 

21  6 

w 

Fair. 
Snowy. 

3 

38 

17 

27.6 

.23 

w. 

4 

17 

2 

9.6 

w. 

Clear 

5 

37 

9 

23.0 

w. 

aoudy. 
Rainy. 

6 

62 

28 

40.0 

.86 

s. 

7 

47 

6 

26.0 

.06 

w. 

Fair. 

8 

12 

— 1 

6.6 

w. 

Fair. 

Cloudy  and 
Bnow. 

9 
10 

20 

47 

10 
17 

16.0 
32.0 

.10 
.60 

N.  R 
N. 

11 

39 

17 

28.0 

N.  W. 

Fair. 

12 

28 

,    9 

18.6 

N.  E. 

Fair. 

13 

38 

19 

28.6 

.03 

N. 

Fair. 

14 

38 

26 

32.0 

N.  £. 

Fair. 

16 

60 

28 

39.0 

.10 

S. 

Qoudy. 

10 

46 

32 

39.0 

w. 

Cloudy. 
Cloudy. 

17 

33 

29 

31.0 

.23 

w. 

18 

31 

12 

21.6 

N.  W. 

aear. 

10 

32 

6     • 

'    19.0 

E. 

Gear. 
Rainy. 

20 

43 

16 

29.0 

.72 

N.  E. 

21 

47 

34 

40.6 

.24 

S.  W. 

Qoudy. 

22 

41 

27 

34.0 

.29 

N.  E. 

Fair. 

23 

33 

13 

23.0 

W. 

Fair. 

24 

23 

7 

16.0 

N.  W. 

aoudy. 
Cloudy. 
Clear. 

26 

30 

16 

22.6 

W. 

26 

32 

18 

26.0 

W. 

27 

42 

19 

30.6 

.06 

W. 

Fair. 

28 

40 

31 

36.6 

w. 

Fair. 

29 

47 

31 

39.0 

Variable. 

30 

41 

38 

39.6 

N.  E. 

31 

61 

36 

43.0 

2.28 

N.  E. 

Sum , ,  -  r  - ,  T  - 

1,162 
37.1 

690 
19 

871 
28.0 

6.82 

Mmd 

Clear  dasrs,  4;   Fair,  12;   Cloudy,  16;    Prevailing  wind,  West;   Maximum  temperature,  62** 
Minimiim  temperature.  — 1**. 
26 
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WEATHER  SUMMARY  FOR  JANUARY,  1907. 


Tbmpbbatubb. 

Pbbcifita- 
noN. 

(Inehee.) 

'PmXVAJUXtQ 

Wind. 

CHAEACm 

or  Day. 

Max. 

Mtn. 

Mian. 

1 

63* 

38« 

45.5** 

W. 

Fair. 

2 

48 

30 

39.0 

W. 

dear. 

3 

40 

29 

34.5 

.12 

E. 

Rainy. 

4 

51 

35 

43.0 

.52 

aw. 

Bainy. 

5 

45 
45 

28 
28 

86.5 
36.5 

W. 
Variable. 

Clfwr. 

6 

Clear. 

7 

61 

34 

47.5 

.20 

S.W. 

dear. 

8 

47 

36 

41.5 

R 

aoudy. 
Fair. 

9 

43 

18 

80.5 

.03 

w. 

10 

35 
42 
37 

10 
28 
28 

22.5 
85.0 
82.5 

8.  W. 
W. 
E. 

Fair. 

11 

Fair. 

12 

.60 

Snow  and  IBID 

13 

87 

23 

80.0 

N. 

Fair. 

14 

37 

28 

32.5 

.78 

N.  K 

Rainy. 

15 

36 

26 

31.0 

.02 

W. 

aoudy. 

16 

26 

7 

15.5 

W. 

Fair. 

17 

9 

—2 

3.6 

.25 

N. 

Snowy. 

18 

33 

9 

21.0 

.05 

N.  E. 

Fosand  rain. 

19 

42 

29 

85.5 

.60 

E. 

Rain  and  fog. 

20 

53 

36 

44.5 

S.  W. 

Fair. 

21 

36 

13 

24.5 

w. 

Clear. 

22 

35 

10 

22.5 

.18 

8.  W. 

Snow  and  TUB 

23 

27 
10 
21 

0 

—9 

2 

13.5 
0.5 
11.5 

W. 
N.  W. 

N.  E. 

Clear. 

24 

Fwr. 

25 

.25 

Snowy. 

26 

25 

13 

19.0 

.33 

N.  E. 

Snowandiain 

27 

22 

10 

16.0 

N. 

Qoudy. 
Clear. 

28 

28 

8 

18.0 

W. 

29 

30 

9 

19.5 

W. 

Fair. 

30 

32 

16 

24.0 

.18 

w. 

Fair. 

31 

28 

1 

14.5 

E. 

Fair. 

B^im 

1,114 
35.9 

571 

18.4 

842.5 
27.2 

4.11 

Mean 

Clear  days,  7;   Fair,  11;   Cloudy,  13;   Prevailing  wind.  West;   MaTimum  tempeimture.  61^' 
Minimum  temperature.  — 9**. 
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WEATHER  SUMMARY  FOR  FEBRUARY.  1907. 


Tbmpkbatubb. 

Pbbchtta- 

TION. 

(Inohae.) 

Pbevailino 
WdtdT 

OF  DaT. 

Mat. 

Mm. 

Mban. 

1 

83*» 

24'» 

28.5« 

1.21 

N.  E. 

Snow  and  xmin 

2 

40 

31 

38.5 

W. 

Cloudy. 
Fair. 

3 

38 

17 

27.5 

w. 

22 

12 

17.0 

.40 

N.  £. 

Snowy. 

22 

10 

16.0 

.60 

N. 

Snowy. 

20 
28 
31 

4 

—6 

13 

12.0 
11.0 
20.0 

N.W. 

aw. 
s.  w. 

Clear. 

Clear. 

Fair. 

30 

10 

20.0 

N.W. 

Clear. 

34 

15 

24.5 

.10 

Variable. 

Fair. 

34 
12 
26 

9 
—6 

21.5 
4.0 
10.0 

W. 
W. 

s.  w. 

Clear. 

aear. 

aear. 

45 

25 

85.0 

s.  w. 

Clear. 

38 

20 

29.0 

N.W. 

Clear. 

37 

17 

27.0 

W. 

Qoudy. 
Fair. 

40 

19 

29.5 

w. 

29 

11 

20.0 

Variable. 

Gear. 

38 

12 

25.0 

.27 

Variable. 

Snow  and  rain 

20 

40 

25 

32.5 

.50 

N.  E. 

Snowy. 

21 

38 

13 

25.5 

W. 

Clear. 

22 

19 
12 

2 
—9 

10.5 
1.5 

W. 
W. 

Clear. 

23 

aear. 

24 

26 

—6 

10.0 

.67 

e. 

Snow  and  rain 

25 

35 

16 

25.5 

W. 

Gear. 

26 

25 

4 

14.5 

W. 

Clear. 

27 

28 

8 

18.0 

N.  E. 

Fair. 

28 

30 

—1 

14.5 

e. 

Fair. 

B^xm .  r 

850 

285 

567.5 

3.75 

Mean 

30.4 

10.2 

20.3 

Clear  days,  14;    Fair,  7;    Cloudy,  7;    Prevailing  wind   West;    Maximum  temperature,  45" 
Minimum  temperature.  — 9**. 
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WEATHER  SUMMARY  FOR  MARCH,  1907. 


TKifpEmATumx. 

Precipita- 
tion. 

(Inohfli.) 

Pbetahjno 
Wind. 

or  Day. 

Max. 

MiN. 

Mbam. 

1 

33« 

15* 

24.0* 

N.  E. 

Fair. 

2 

89 

27 

33.0 

.59 

W. 

Bainy. 

3 

42 

29 

35.5 

w. 

Cloudy. 
Cloudy. 

4 

32 

20 

26.0 

.13 

N.W. 

5 

34 
82 

13 

17 

23.5 
24.5 

S.  W. 
N.W. 

Clear. 

6 

Clear. 

7 

35 
32 

12 
14 

23.5 
23.0 

Variable. 
E. 

Clear. 

8 

.18 

Fair. 

9 

39 

17 

28.0 

w. 

Clear. 

10 

30 

17 

23.5 

.80 

N.  E. 

Snowy. 

11 

38 
42 
40 

22 
20 
33 

80.0 
81.0 
36.5 

N.W. 
S. 
S. 

Clear 

12 

Fair. 

13 

.30 

Rainy. 

14 

47 

33 

40.0 

.03 

S.  W. 

Rain  and  foff. 

15 

43 

30 

86.5 

w. 

Clear. 

16 

44 

28 

36.0 

w. 

Clear. 

17 

52 

29 

40.5 

Trace. 

s.  w. 

Fair. 

18 

45 

28 

36.5 

.15 

N.  E. 

Fair. 

19 

38 

24 

31.0 

.49 

S.  E. 

Rainy. 

20 

42 

30 

86.0 

N.W. 

Clear. 

21 

50 
56 

23 
32 

36.5 
44.0 

W. 

w. 

Clear. 

22 

Cloudy. 

23 

72 

41 

56.5 

w. 

(3oudy. 

24 
25 

48 
42 

31 
22 

39.5 
32.0 

.52 

E. 

N. 

Rain  and 
•now. 
Clear. 

26 

47 
52 

25 
35 

36.0 
43.5 

aw. 

E. 

Fair. 

27 

Fwr. 

28 

72 
75 

36 
45 

54.0 
60.0 

S.W. 
Variable. 

Ooudy. 

29 

Fair. 

30 

76 

40 

58.0 

W. 

Clear. 

31 

50 

37 

43.5 

E. 

Cloudy. 

1.419 
45.8 

825 

1.122 
36.2 

3.19 

Mean 

26.6 

Clear  dasrs.  11;   Fair,  9;   Cloudy,  11;   Prevailing  wind,  West;    Maximum  temperature.  76*; 
Minimum  temperature,  12*^. 
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WEATHER  SUMMARY  FOR  APRIL,  1907. 


rBMPBBATUBS. 

Precipita- 
tion. 

(Inohee.) 

Wind. 

Chabactxb 
OF  Day. 

Max. 

Mm. 

Mban. 

1 

2 

37« 
42 
47 
67 
60 
47 
42 
40 
36 
41 
46 
55 
37 
53 
52 
52 
51 
52 
36 
49 
50 
58 
55 
56 
58 
63 
55 
52 
68 
66 
1.513 
50.4 

29« 
25 
23 
27 
38 
25 
26 
30 
27 
30 
28 
28 
32 
33 
30 
28 
31 
30 
28 
25 
23 
28 
40 
40 
40 
45 
39 
35 
41 
47 
951 
31.7 

33.0^ 
33.5 
35.0 
42.0 
49.0 
36.0 
34.0 
35.0 
31.5 
35.5 
37.0 
41.5 
34.5 
43.0 
41.0 
40.0 
41.0 
41.0 
32.0 
37.0 
36.5 
43.0 
47.5 
48.0 
49.0 
54.0 
47.0 
43.5 
54.5 
56.5 
1,232 
41 

.56 

N. 
N.  W. 

8. 

8. 

8. 

N. 
N.  E. 
N.  E. 
N.  R 

W. 

N.W. 

Variable. 

N.W. 

N.W. 

w. 

8.  W. 

w. 
w. 
w. 
w. 
w. 
w. 

R 
N.W. 

8.  W. 
8.W. 
N.  R 
N.  R 
8.  R 
8. 

Rain  and 
snow. 
Fair. 

3 

dear. 

4 

Clear. 

6 
0 

.05 

Qoudy. 
Clear. 

7 

Fair. 

8 

9 

10 

11 

.88 
.93 
.18 

Rain.     snow. 

an^haU. 
8now  and  rain 

Cloudy. 

Fair. 

12 

Fair. 

13 
14 

.35 

Snow  and  rain 
Fair. 

15 

Clear. 

16 

Fair. 

17 
18 

.07 

Clear. 
Clear. 

19 
20 

.17 

Rain  and 
snow. 
Clear. 

21 

Clear. 

22 

Clear. 

23 

Cloudy. 

24 
25 

.40 

Fair. 
Clear. 

26 
27 
28 
29 

.15 
.08 
.22 

Cloudy. 
Cloudy. 
8howery. 
Cloudy. 
FoggY- 

30 

Rum ,,.,,.. 

4.04 

Mean 

Clear  da.yB,  10;    Fair.  8;   Cloudy.  12;   Prevailing  wind.  West;    Maximum  temperature.  68**; 
MiniTniitn  temperature.  23^. 
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WEATHER  SUMMARY  FOR   MAY,  1907. 


Tkmpebatukk. 

Pbscxpita- 

TION. 

(Inohea.) 

WWD. 

Cbakacteb 
OF  Day. 

Mat. 

Mm. 

BCeam. 

1 

67« 

49« 

58.0« 

.06 

W. 

Qoudy. 

2 

64 

38 

46.0 

N.  E. 

Fair. 

3 

50 

32 

41.0 

N.  E. 

Fair. 

4 

57 

35 

46.0 

.95 

Variable. 

Bainy. 

5 

58 

80 

44.0 

W. 

Clear. 

6 

47 

35 

41.0 

1.29 

R 

Rainy. 

7 

58 

46 

52.0 

N.  EL 

aoody. 
Cloudy. 
Rainy. 

g 

60 

45 

52.5 

E. 

9 

50 

43 

46.5 

.33 

N.  E. 

10 

66 

88 

52.0 

.05 

aw. 

CloQdy. 

11 

49 

85 

42.0 

.29 

N.W. 

Fair. 

12 

52 

29 

40.5 

S.W. 

Clear. 

18 

58 

38 

48.0 

S.W. 

Clear. 

14 

85 

45 

65.0 

w. 

Clear. 

15 

50 

43 

46.5 

E. 

Cloody  and 
aou&. 

16 

63 

48 

55.5 

.02 

S.W. 

17 

62 

50 

56.0 

.42 

N.  R 

Qoody. 

18 

72 

46 

59.0 

8.  W. 

Fair. 

19 

77 
63 

50 
44 

63.6 
53.5 

aw. 
w. 

Fair. 

20 

.38 

Fair. 

21 

55 
61 
58 

34 
35 
40 

44.5 
48.0 
49.0 

w. 
w. 

Variable. 

Clear. 

22 

OVffM'T 

23 

Qoudy. 

24 

65 

38 

51.6 

Variable. 

Clear. 

25 

58 

89 

48.6 

N.  E. 

Clear. 

26 

48 

89 

43.5 

.50 

R 

Rainy. 

27 

54 

45 

49.5 

1.32 

N.  R 

Rainy. 

28 

53 

39 

46.0 

N.W. 

Clear. 

29 

62 

37 

49.5 

N.W. 

Clear. 

30 

62 

42 

62.0 

N.  R 

Fair. 

31 

62 

45 

53.5 

.03 

R 

Fair. 

1.836 
59.2 

1.250 

1,543 
49.8 

5.64 

40.3 

Clear  dasrs,  10;  Fair,  9;   Cloudy,  12;   Prevailing  wind.  West; 
Minimum  temperature,  29^. 


MaTimum  temperature.  85*; 
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WEATHER  SUMMARY  FOR  JUNE,  1907. 


Tempkbatubk. 

Pbecxpita- 

TION. 

(Inohes.) 

PRBVAIUNO 

Wind. 

Chabactbb 
OF  Day. 

Mat. 

Mm. 

Mean. 

1 

61* 

39* 

50.0* 

S.  E. 

Clear. 

2 

48 

42 

45.0 

1.28 

N.  E. 

3 

50 
68 

45 
40 

47.5 
54.0 

N.E. 

aw. 

Fair. 

4 

Clear. 

6 

53 

46 

49.5 

.64 

E. 

Rainy. 

6 

65 

46 

55.5 

.03 

w. 

Fair. 

7 

68 

45 

56.5 

aw. 

Clear. 

8 

71 

48 

59.5 

S.W. 

Clear. 

9 

67 

48 

57.5 

.09 

Variable. 

Clear. 

10 

54 

43 

48.5 

N. 

Fair. 

11 

65 

39 

52.0 

S.  W. 

Fair. 

12 

69 

41 

55.0 

8.  W. 

Clear. 

13 

69 

44 

56.5 

8.  W. 

Clear. 

14 

62 

48 

55.0 

S.  E. 

Cloudy. 
Fair. 

16 

75 

48 

61.5 

.05 

Variable. 

16 

82 

51 

66.5 

W. 

Clear. 

17 

83 

56 

59.5 

W. 

Clear. 

18 

80 

59 

69.5 

w. 

Clear. 

19 

74 

57 

65.5 

aw. 

Fair. 

20 

71 

55 

63.0 

aw. 

Fair. 

21 

82 
86 

57 
60 

69.5 
73.0 

8. 
Variable. 

Fair. 

22 

Clear. 

23 

80 

58 

69.0 

aw. 

Clear. 

24 

80 

55 

67.5 

W. 

Fair. 

25 

85 

60 

72.5 

aw. 

Fair. 

26 

85 

60 

72.5 

Trace. 

w. 

Fair. 

27 

73 
82 
73 

55 
51 
59 

64.0 
66.5 
66.0 

w. 
w. 

E. 

Clear. 

28 



Clear. 

29 

.06 

aoudy. 

30 

70 

57 

63.5 

.80 

a 

Cloudy. 

Sum.T  r  T  r  t  T  - 

2,131 

1,512 

1.821.5 

2.95 

Mean 

71 

50.4 

60.7 

Clear  days,  14;  Fair,  11;   Cloudy,  5;   Prevailing  wind,  West;   Tnayimnm  temperature.  85**; 
Minimum  temperature.  39^. 
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SUMMARY  BY  MONTHS.  1906-1907. 


Months. 


1 


I 


•II 


I 


I 


I 

I 


I 


a 


si 


1^ 


1006. 

July 

Aucutt 

September. . . 

October 

NoYember.... 
Deoamber.... 

1907. 

January. 

February 

Bfaroh 

AprU 

May 

June. 


86* 
89« 
«0» 

TT 

62» 

61* 

76» 
68» 
86» 
86» 


60» 
60» 
89« 

18* 
—I* 


1^ 
28* 
2©» 


68.4'» 

61.8« 
40.2» 
28.0' 

27.2* 
20.8» 
36.2« 
^l.O* 
40.8*' 
60.7» 


4.05 
1.02 
4.28 
6.68 
8.48 
6.82 

4.11 
3.76 
8.10 
4.04 
6.64 
2.06 


12 

80 

12 

2 


8 
16 
10 
10 
18 

4 

7 
14 
11 
10 
10 
14 


11 
0 
7 

11 
0 

12 

11 
7 
0 
8 
0 

11 


12 
6 
4 

10 
8 

16 

13 
7 
11 
12 
12 
6 


Total.... 
Mean.. 


48.01 


63 


136 


114 


115 


13 
8 
8 
8 
7 

14 

14 
7 
0 
12 
13 
7 


aw. 
w. 
w. 

N.E. 
W. 
W. 

W. 
W. 

w. 
w. 
w. 
w. 


120 


73.2» 


22.6* 


46.6» 
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SUMMARY,  JANUARY  1,  1890,  TO  JUNE  30,  1907,  INCLUSIVE. 


189fi. 

1806. 

1897 

1808. '. 

1800.  Jan.  1.  to  June  30 

July  1.  1800.  to  June  30. 1000 

July  1,  1000.  to  June  30.  1901 

July  1. 1001.  to  June  30. 1002 

July  1, 1002.  to  June  30. 1003 

July  1. 1003.  to  June  30.  1004 

July  1. 1004.  to  June  30.  1005 

July  1. 1005.  to  June  30.  1006 

July  1. 1006.  to  June  30. 1007 

Average  temperature.  17i  years,  48.8*. 


03» 

— 7* 

48.2* 

128 

114 

123 

108 

03* 

—11* 

47.7* 

131 

112 

123 

100 

OO" 

—1* 

48.3* 

120 

126 

110 

128 

05* 

-^* 

48.8* 

110 

114 

141 

131 

05* 

—10* 

42.1* 

77 

44 

60 

50 

OO" 

—5* 

48.3* 

141 

113 

111 

102 

©?• 

—0* 

48.4* 

134 

07 

134 

114 

9r 

—1* 

48* 

138 

116 

111 

109 

00" 

—12* 

48.3* 

138 

06 

131 

103 

03« 

—16* 

45.7* 

156 

107 

103 

118 

87* 

-^* 

45.3* 

151 

122 

02 

00 

02* 

—3* 

48.4* 

175 

99 

01 

07 

00* 

—0* 

46.6* 

136 

114 

115 

120 

40.28 
40.87 
54.25 
72.21 
26.70 
51.67 
48.47 
53.14 
50.27 
50.06 
41.64 
53.57 
48.01 


Average  precipitation.  17i  shears.  52.31  inchee 
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REPORT  OF  THE  TREASURER. 


Thb  Rhodb  Island  Agricultural  Experimsnt  Station,  in  account  with  ths 
United  States  Appropriation,  1906-1907. 

1907.  Dr. 

To  receipts  from  the  tressurer  of  the  United  States  as  per 
appropriation  for  fiscal  year  ended  June  30,  1907,  as 
per  act  of  Congress  approved  March  2, 1887 $15,000  00 

1907.  Cr. 

By  Salaries $8,484  77 

Labor 2,493  73 

Publications 47  99 

Postage  and  stationery ^ 226  62 

Freight  and  express 113  05 

Heat,  light,  water,  and  power 486  23 

Chemical  supplies 10  31 

Seeds,  plants,  and  sundry  supplies 375  85 

Fertilisers 157  43 

Feeding  stuflfs 709  34 

Library 43  29 

Tools,  implements,  and  machinery 177  49 

Furniture  and  fixtures 527  22 

Scientific  apparatus 21  42 

Live  stock 2  00 

Traveling  expenses 399  99 

Contingent  expenses 15  00 

Buildings  and  land 708  27 

$15,000  00 

We,  the  imdersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Rhode  Island 
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Agricultural  Experiment  Station  for  the  fiscal  year  ended  June  30, 1907;  that  we 
have  found  the  same  well  kept  and  classified  as  above,  and  that  the  receipts  for 
the  year  from  the  treasurer  of  the  United  States  are  shown  to  have  been  $15,000, 
and  the  corresponding  disbursements  $15,000,  for  all  of  which  proper  vouchers 
are  on  file,  and  have  been  examined  by  us  and  foimd  correct,  thus  leaving  no 
balance. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  pur- 
poses set  forth  in  the  act  of  Congress  approved  March  2, 1887. 

CHARLES  DEAN  KIMBALL, 
R.  S.  BURLINGAME, 


The  Rhode  Isulnd  Agricultural  Experiment  Station,  in  account  with  the 
United  States  Appropriation,  1906-1907. 


1907. 


1907. 


Dr. 

To  balance  on  hand $2,535  80 

Receipts  from  the  treasurer  of  the  United  States  as 
per  appropriation  for  fiscal  year  ended  June  30, 1907, 
as  per  act  of  Congress  approved  March  16, 1906 4,464  20 


Cr. 

By  Salaries $4,686  03 

Labor 720  00 

Postage  and  stationery 0  88 

Freight  and  express 1  34 

Heat,  light,  water,  and  power 45  50 

Chemical  supplies 3&  82 

Seeds,  plants,  and  sundry  supplies 118  45 

•  Fertilizers 60  82 

Feeding-stuffs 288  41 

Library 507  09 

Tools,  implements,  and  machinery 17  70 

Scientific  apparatus 178  05 

Live  stock 181  50 

Traveling  expenses 154  41 


$7,000  00 


$7,000  00 
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We,  the  undersigned,  duly  appointed  auditors  of  the  corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Bhode  Island 
Agricultural  Experiment  Station  for  the  fiscal  year  ended  June  30,  1907;  that 
we  have  foimd  the  same  well  kept  and  classified  as  above,  and  that  the  b^ance 
on  hand  was  $2,535^  and  the  receipts  for  the  year  from  the  treasurer  of  <^ 
United  States  are  shown  to  have  been  $4,464.20,  and  the  corresponding  dis- 
bursements $7,000.00;  for  all  of  which  proper  vouchers  are  on  file  and  have 
been  by  us  examined  and  foimd  correct,  thus  leaving  no  balance. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  pmposes 
set  fort^  in  the  act  of  Congress  improved  March  16, 1006. 

CHARLES  DEAN  KIMBALL, 
R.  S.  BURLINGAB(iE, 

AudUon. 


C.  H.  CooQESBALL,  Treasurer,  in  accourU  vnth  the  Rhodb  Island  AoBicm;ruRAL 
Experiment  Station,  far  the  year  ended  June  30, 1907. 

1907.  Dr. 

To  Balance  from  last  year $3,721  63 

Station  receipts 1,001  06 

Interest 155  21 

•      $4,877  90 
1907.  Cr. 

By  Postage  and  stationery $11  55 

Seeds,  plants,  and  sundry  supplies 15  36 

Traveling  expenses 2  25 

Chemicals  supplies 8  02 

Feeding-stufifs 49  93 

Live  stock 260  00 

Heat,  light,  water,  and  power. . . . .' 24  00 

Scientific  apparatus 11  88 

Library 30^27 

Tools,  implements,  and  machinery 18  57 

Freight  and  express 17  15 

Labor 27  63 

Contingent  expenses 46  32 

Buildings  and  land 407  03 

Balance 3,947  94 

$4,877  90 
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This  certifies  that  we,  the  undersigned,  auditing  committee  of  the  Board  of 
Managers  of  the  Rhode  Island  College  of  Agriculture  and  Mechanic  Arts,  have 
examined  the  aocoimt  of  C.  H.  Coggeshall,  treasurer  of  the  Rhode  Island  Agricul- 
tural Elzperiment  Station,  and  find  the  same  correct. 

The  total  receipts  were  $4,877.90,  and  the  total  expenditures  were  $929.26,  thus 
leaving  a  balance  to  new  account  of  $3,947.94. 

CHARLES  DEAN  KIMBALL, 
R.  S.  BURLINGAME, 

Atuiitors. 
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EXCHANGES- 


Agricultural  Advertising,  Pittsburg,  Pa. 

Agricultural  Epitomist,  Spencer,  Ind. 

Agricultural  Gazette  of  New  South  Wales,  Sydney,  Australia. 

Agricultural  Ledger,  Calcutta,  India. 

A  Lavoura,  Boletim  de  Sociedade  Nacional  de  Agricultura,  Rio  de 

Janerio,  Brazil. 
American  Cultivator,  The,  Boston,  Mass. 
American  Farm  World,  Augusta,  Maine. 
American  Fertilizer,  The,  Philadelphia,  Pa. 
American  Hay,  Flour,  and  Feed  Journal,  New  York. 
American  Horse  Breeder,  Boston,  New  York,  and  Chicago. 
American  Fruit  and  Nut  Journal,  Petersburg,  Va. 
American  Philosophical  Society,  Proceedings  of  the  Society. 
American  Poultry  Advocate,  S3rracuse,  N.  Y. 
American  Poultry  Journal,  Chicago,  111. 
American  Sheep  Breeder  and  Wool  Grower,  Chicago,  111. 
American  Stock  Farm,  The,  Winona,  Minn. 
American  Stock  Keeper,  Boston,  Mass. 

American  Sugar  Industry  and  Beet  Sugar  Gazette,  Chicago,  111. 
Annales  de  Gembloux,  Gembloux,  Belgium. 
Arboriculture,  Connersville,  Ind. 
Better  Fruit,  Hood  River,  Oregon. 
Boletim  da  Agricultura,  Sao  Paulo,  Brazil. 
Boletim  de  Museu  Goeldi,  Para,  Brazil. 

Boletin  del  Ministerio  de  Agricultura,  Buenos  Aires,  South  America. 
Boletin  Oficial  de  la  Secretaria  de  Agricultura,  Havana,  Cuba. 
Breeder's  Gazette,  Chicago,  111. 
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Bulletins  of  the  Botanical  Department  of  Jamaica,  and  Reports  of 

Public  Gardens  and  Plantations. 
Bulletins  of  the  Hygienic  Laboratory,  Treasury  Department,  Wash- 
ington, D.  C. 
Bulletins  of  the  New  York  State  Museum. 
Chicago  Daily  Drover's  Journal,  Chicago,  111. 

Colman's  Rural-  World,  St.  Louis,  Mo. 

Connecticut  Farmer,  New  Haven,  Conn. 

Cotton  Seed,  The,  Atlanta,  Ga. 

Elgin  Dairy  Report,  Elgin,  111. 

Evening  Tribime,  Providence,  R.  I. 

Farm  and  Live  Stock  Journal,  Detroit,  Mich. 

Farm  and  Stock,  St.  Joseph,  Mo. 

Farming,  New  York  City. 

Farm  Journal,  Philadelphia,  Pa. 

Farm  Life,  Chicago,  111. 

Farm  Poultry,  Boston,  Mass. 

Farm  Press,  Chicago,  111. 

Farm  Progress,  St.  Louis,  Mo. 

Farm,  Stock,  and  Home,  Minneapolis,  Minn. 

Farmers'  Advocate,  London,  Ontario,  and  Winnipeg,  Manitoba. 

Farmers'  Guide,  Huntington,  Ind. 

Farmers'  Review,  The,  Chicago,  111. 

Feather,  The,  Washington,  D.  C. 

Feathered  World,  The,  London,  England. 

Flour  and  Feed,  Waukegan,  111. 

Fruit  Grower,  The,  St.  Joseph,  Mo. 

Garden  Magazine,  The,  New  York  City. 

Gefliigel-Ziichter,  Hamburg,  Wis. 

Hoard's  Dairyman,  Fort  Atkinson,  Wis. 

Holstein-Fresian  Register,  Brattleboro,  Vt. 

Homestead,  The,  Des  Moines,  Iowa. 

Hospoddrsk4  Listy,  Chicago,  111. 

Illuminated  World  Life,  Minneapolis,  Minn. 
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Indiana  Farmer,  Indianapolis,  Ind. 

Industrious  Hen,  The,  Knoxville,  Tenn. 

Journal  Royal  Horticultural  Society,  London,  England. 

Journal  Board  of  Agriculture,  Londbn,  England. 

Journal  of  Department  of  Agriculture,  Perth,  Western  Australia. 

Kansas  Farmer,  Topeka,  Kansas. 

Kimball's  Dairy  Farm,  Waterloo,  Iowa. 

Maryland  Agricultural  Quarterly,  College  Park,  Md. 

Metropolitan  and  Rural  Home,  The,  New  York  City. 

Michigan  Farmer,  The,  Detroit,  Mich. 

Miscellaneous  Publications,  Department  of  Agriculture  and  Ifines, 

Natal,  Africa. 
Modern  Farmer  and  Busy  Bee,  The,  St.  Joseph,  Mo. 
Minnesota  and  Dakota  Farmer,  Brookings,  S.  D. 
Missouri  Agricultural  College  Farmer,  Columbia,  Mo. 
National  Stockman  and  Farmer,  Pittsburg,  Pa. 
Nebraska  Farmer,  Omaha,  Neb. 
New  England  Farmer,  Brattleboro,  Vt. 
New  England  Homestead,  Springfield,  Mass. 
New  Zealand  Dairjrman,  The,  Wellington,  N.  Z. 
New  Hampshire  Farmer  and  Weekly  Union,  Manchester,  N.  H. 
Northwest  Horticulturist,  The,  Tacoma  and  Seattle,  Wash. 
Nut  Grower,  The,  Poulan,  Ga. 
O  Criador  Paulista,  Sao  Paulo,  Brazil. 
Ohio  Farmer,  Cleveland,  Ohio. 
Oregon  Agriculturist,  Portland,  Oregon. 
Orff's  Farm  and  Poultry  Review,  St.  Louis,  Mo. 
Pacific  Dairy  Review,  The,  San  Francisco,  Cal. 
Pigeons,  Peotone,  111. 
Poultry,  Peotone,  111. 
Poultry  Gazette,  Kansas  City,  Kansas. 
Poultry  Herald,  St.  Paul,  Minn. 
Poultry  Husbandry,  Waterville,  N.  Y. 
Poultry  Keeper,  The,  Quincy,  111. 
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Poultry  Success,  Des  Moines,  Iowa. 

Poultry  Topics,  Lincoln,  Neb. 

Practical  Farmer,  The,  Philadelphia,  Pa. 

Prairie  Farmer,  The,  Chicago,  111. 

Publications  of  Agricultural  Research  Institute,  Pusa,  India. 

Publications  of  Armstrong  College,  New  Castle-upon-Tyne,  England. 

Publications  of  Department  of  Agriculture  of  Victoria,  Melbourne, 
Australia. 

Publications  of  Department  of  Agriculture,  Ontario  and  Ottawa, 
Canada. 

Publications  of  Department  of  Agriculture,  Tallahassee,  Florida. 

Publications  of  Department  of  Agriculture,  Atlanta,  Ga. 

Publications  of  Department  of  Agriculture,  Mysore  State,  India. 

Publications  of  Department  of  Agriculture,  Wellington,  New  Zeal- 
land. 

Publications  of  Department  of  Agriculture,  Harrisburg,  Pa. 

Publications  of  Entologizka  Foreningen,  Stockholm,  Sweden. 

Publications  of  Estaci6n  Agricola  Experimental  de  Ciudad  JuAres, 
Chihuahua,  Mexico. 

Publications  of  Hawaiian  Sugar  Planters'  Association,  Honolulu,  H. 
T. 

Publications  of  Imperial  Agricultural  Experiment  Station,  Nishga- 
hara,  Tokyo,  Japan. 

Publications  of  Smithsonian  Institution,  Washington,  D.  C. 

Publications  of  State  Board  of  Agriculture,  Augusta,  Maine. 

Publications  of  State  Board  of  Agriculture,  Boston,  Mass. 

Publications  of  State  Board  of  Agriculture,  Raleigh,  N.  C. 

Publications  of  State  Board  of  Agriculture,  Columbus,  Ohio. 

Publications  of  State  Board  of  Agriculture,  Providence,  R.  I. 

Publications  of  State  Board  of  Entomology,  Atlanta,  Ga. 

Publications  of  State  Board  of  Health,  Concord,  N.  H. 

Publications  of  University  College,  Bangor,  North  Wales. 

Rakings,  York,  England. 

Reliable  Poultry  Journal,  Quincy,  111. 
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Republic,  The,  St.  Louis,  Mo. 

Rock  Products,  Louisville,  Ky. 

Rural  New  Yorker,  New  York  City. 

Rural  World,  London,  England. 

Skandinavisk  Farmer  Journal,  Minneapolis,  Minn. 

Southern  Farm  Magazine,  Baltimore,  Md. 

Southern  Fruit  Grower,  The,  Chattanooga,  Tenn. 

Southern  Planter,  Richmond,  Va. 

Successful  Poultry  Journal,  Chicago,  111. 

Texas  Farmer,  Dallas,  Texas. 

The  Strawberry,  Three  Rivers,  Mich. 

Town  and  Country  Journal,  San  Francisco,  Cal. 

Up-to-Date  Farming  and  Gardening,  Indianapolis,  Ind. 

Wallace's  Farmer,  Des  Moines,  Iowa. 

Western  Fruit  Grower,  St.  Joseph,  Mo. 

W.  Weddel  &  Co.'s  Colonial  Dairy  Produce  Report,  London,  Eng- 
land. 

Wilson  Bulletins,  Wilson  Ornithological  Club,  Oberlin,  Ohio. 

Wisconsin  Agriculturist,  Racine,  Wis. 

Year  Books,  and  current  publications  of  the  Deutschen  Landwirt- 
schafts-Gesellschaft. 
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Directions  for  Binding  the  Bulletins  and  Reports  of  the 
Rhode  Island  Experiment  Station* 


Vol.    1-3*   Bulletins 

4, 

5, 

6, 

7, 

8, 

9, 
10, 
11, 
12, 
13, 

14,  .  " 
15, 
16, 
17, 
18, 
19,  . 
20, 


1-9, 

Reports, 

1-3, 

1888-1890. 

10-14, 

Report, 

4, 

1891. 

15-20, 

(( 

5, 

1892. 

21-26, 

tt 

6, 

1893. 

27-30, 

It 

7, 

1894. 

31-35, 

tt 

8, 

1895. 

36-42, 

tt 

9, 

1896. 

43-46, 

tt 

10, 

1897. 

47-51. 

tt 

11, 
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52-55, 

" 

12, 
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It 

13, 

1899-1900. 

70-78, 

tt 

14, 

1900-1901. 

79-86, 

tt 

15, 

1901-1902. 

87-94, 

tt 

16, 
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95-101, 

tt 

17, 
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102-107, 

tt 

18, 
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108-114, 

tt 

19, 
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115-122, 

tt 

20, 

1906-1907. 

*Vol5.  1-3  in  one  cover.  Beginning  with  volume  4,  a  title  page  and  index  for  each  volume 
is  to  be  found  at  the  end  of  the  annual  report  for  each  year.  The  year  covered  by  a  volume 
formerly  was  the  calendar  year,  but  now  it  extends  from  July  1  to  June  30.  Each  volume, 
beginning  with  volume  4.  is  paged  separately.  The  Bulletins  of  a  given  year  precede  the  Re- 
port, and  the  latter  is  paged  in  continuation  of  the  luat  Bulletin  belonging  in  the  volume. 
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OF  THE 

BULLETINS  AND  ANNUAL  REPORT 

OF  THE 

Rhode  Islahd  Agricultural  Experiieht  Statioh, 

FOR  THE 

YEAR  ENDED   JUNE  30,    1907. 


PAOB. 

Acid  in  nutrient  solutions,  effect  of  on  cereals 337-344,  358-380 

Acid  phosphate,  analysis 296 

•     effect  of  on  different  plants 67-76 

Acknowledgments 207,  208 

Alkalinity,  effect  of  in  nutrient  solutions 362-365,  380 

Alton  soil,  test  of  in  pots 128-130 

the  field 168-170 

Alton  stony  loam,  soil  requirements  of 171-174 

Aluminum  phosphate,  ignited,  analyses 296,  297 

and   raw,  effect  of  lime  on  the  avail- 
ability of 84 

•  on  different  plants. . .  57-76 

American  Ag'l  Chemical  Ck>.'s  goods,  analyses 4,  5,  40-43,  51,  180,  181,  186 

Animal  feeding,  report  of  the  division  of 202 
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REPORT  OF  THE  DIRECTOR 


H.  J.  Wheeler. 


To  Howard  Edwards^  PresidenL 

Sir: — ^The  work  of  the  Experiment  Station  for  the  past  year  is 
presented  under  the  following  headings: 

Division  op  Horticulture. 

The  charge  of  this  division  of  the  Station  was  transferred,  at  the 
beginning  of  the  year,  to  Prof.  G.  E.  Adams.  The  chief  work  of  the 
past  year  has  been  the  continuance  of  the  experiments  already  in- 
augurated by  Prof.  F.  W.  Card,  as  follows: 

(1)  Breeding  and  selection  experiments  with  sweet  com. 

(2)  Breeding  experiments  with  raspberries  for  the  purpoflfe  of 
producing,  if  possible,  an  extra  early  variety  of  good  quality. 

(3)  Breeding  experiments  with  strawberries  for  the  purpose  of 
producing  an  extra  late  variety  of  good  market  quality. 

(4)  An  experiment  in  rotating  market  garden  crops  both  with 
and  without  the  aid  of  stable  manure. 

(6)  An  experiment  to  study  the  value  of  different  grass  mix- 
tures for  polo  grounds,  golf  links,  and  lawns;  and  to  ascertain  the 
influence  of  basic,  neutral,  and  acidic  manures  upon  the  relative 
permanence  of  different  grasses  and  weeds. 

A  few  other  minor  experiments,  which  were  begun  at  an  earlier 
date,  are  also  in  progress. 

The  interpoUination  experiment  with  blackberries  and  the  ex- 
periments with  clovers  Have  been  necessarily  discontinued. 
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An  important  new  feature  of  the  Horticultural  Department  is  the 
experimental  work  which  has  been  begun  by  Professor  Adams,  with 
carnations  and  roses.  The  object  of  this  work  is  to  study  the  effect 
of  various  substances  upon  the  physical  condition  of  greenhouse  soil 
and  the  effect  of  the  resulting  conditions  upon  the  growth  and  bloom- 
ing of  the  plants.  At  the  same  time  it  is  planned  to  study  the  effect 
of  various  combinations  of  chemical  manures,  used  in  comparison 
with  stable  manure.  It  is  hoped  that  as  a  result  of  this  work  some 
hints  may  be  secured  as  to  the  best  treatment  of  greenhouse  soils 
for  the  purpose  of  avoiding  their  frequent  renewal,  which  is  fraught 
with  great  expense. 

Division  of  Gheiostrt. 

In  the  course  of  the  year,  upon  recommendation  of  the  Station  Di- 
rector, Doctor  Hartwell,  previously  associate  chemist,  was  appointed 
chemist. 

The  analytical  and  police  work  of  the  division  for  the  year  has 
embraced  the  inspection  of  fertilizers  and  cattle  foods,  carried  on 
under  State  laws,  together  with  the  analysis  of  fertilizers  and  other 
materials  for  other  divisions  of  the  Station. 

The  division  is  continuing  the  study  of  the  influence  of  sodium 
and  potassium  salts  upon  the  growth  of  plants,  and  upon  the  com- 
position of  the  plants  produced  by  their  aid. 

The  study  of  the  efficiency  of  the  paraffined  wire-basket  method 
for  ascertaining  the  needs  of  soils  has  been  completed. 

The  investigation  for  the  purpose  of  ascertaining  if  the  percentage 
of  phosphoric  acid  found  in  the  dry  matter  of  the  flat  turnip  is  a  true 
indication  of  the  phosphorus  requirements  of  the  soil  on  which  it 
is  grown,  are  being  continued  whenever  opportunity  is  afforded* 

The  study  is  being  continued  of  the  relative  efficiency  of  various 
organic  nitrogenous  manures. 

In  connection  with  the  field  experiments,  work  is  in  progress,  by 
way  of  analyses  and  pot-culture  experiments,  to  aid  in  throwing  light 
upon  the  cause  of  the  beneficial  influence  of  liming  upon  the  growth 
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of  certain  plants  and  of  the  greatly  different  growth  of  a  given  plant 
as  affected  by  the  variety  of  plant  which  has  preceded  it.  This 
work  is  being  conducted  in  co6peration  with  the  Division  of  Agron- 
omy. 

Certain  results  of  the  work  of  this  division  may  be  found  in  the 
subsequent  pages  of  this  report. 

Division  op  Animal  Breeding  and  Pathology. 

« 
In  the  course  of  the  past  fiscal  year  the  chief  of  the  division,  Dr. 

li.  J.  Cole,  resigned  to  accept  a  position  at  the  Sheffield  Scientific 

School,  Yale  University.    Arrangements  were,  however,  perfected 

by  which  he  should  retain  the  direction  of  the  work  at  this  Station 

^ntil  July  1, 1908.     This  was  accomplished  by  frequent  visits  to 

Kingston  during  the  rqpaainder  of  the  year. 

In  consequence  of  the  resignation  of  Doctor  Cole,  the  position  of 
biologist  has  been  created,  which  has  been  filled  by  the  appointment 
of  Dr.  Philip  B.  Hadley,  of  Brown  University.  Doctor  Hadley  is  to 
assume  his  duties  on  July  1,  1908.  Owing  to  the  partial  absence  of 
Doctor  Cole,  xmusual  responsibility  was  thrown  upon  Mr.  Kirk- 
patrick,  who  has  merited  particular  commendation  for  the  manner 
in  which  he  has  attended  to  his  various  duties. 

The  division  has  continued  the  study  of  the  cause  of  the  black- 
head disease  of  turkeys,  involving  the  possibility  of  its  controL 

Certain  observations  have  also  been  made  on  conditions  affecting 
incubation. 

Breeding  experiments  have  been  in  progress  during  the  year  with 
pigeons  for  the  purpose  of  ascertaining  if  any  definite  order  of  sex 
sequence  exists  and  for  the  purpose  of  learning  what  characteristics 
do  or  do  not  follow  the  Mendelian  law,  also  for  the  purpose  of  dis- 
<jovering  any  new  laws  bearing  upon  the  subject  of  breeding. 

In  the  course  of  the  year  this  division  has  been  codperating  with 
the  Division  of  Chemistry  in  the  conduct  of  feeding  experiments  with 
<^hicks. 
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It  has  been  deemed  wise  to  expand  the  work  of  the  division  to 
cover  still  other  diseases  of  poultry,  which  will  be  studied  from  time 
to  time  as  the  opportunity  presents  itself. 

Division  of  Animal  Feeding. 

Owing  to  the  resignation  of  Mr.  J.  W.  Bolt6,  in  the  course  of  the 
year,  the  work  of  this  division,  which  was  created  as  a  temporary 
expedient,  has  been  transferred  to  the  divisions  of  chemistry  and 
biology. 

The  nature  of  the  problems  involved  in  the  kind  of  work  which 
ought  to  be  done  is  such  that  it  should  be  placed  in  the  immediate 
charge  of  those  familiar  with  the  various  chemical  and  phyBiolo^cal 
features  and  in  the  hands  of  those  experienced  in  the  conduct  of 
agricultural  research.  It  is  hoped  that  this  airangement  for  co- 
operation will  prove  more  satisfactory  and  will  result  in  research 
work  of  a  higher  order  in  the  line  of  animal  feeding  than  could  other- 
wise have  been  possible. 

Division  of  AORuifoMT. 

The  Division  of  Agronomy  is  continuing  the  studies  in  grass  cul- 
ture in  the  attempt  to  find  the  most  efficient  and  economical  manures 
for  top^essing  grass-land. 

The  experiments  for  determining  the  lime  requirements  of  plants 
are  still  being  continued. 

There  are  in  the  State  many  thousands  of  acres  of  land  that  are 
not  returning  enough  to  cover  the  taxes  and  a  fair  interest  on  the 
cost.  Sufficient  stable  manure  for  the  renovation  of  such  land  is 
unobtainable,  and,  even  if  it  were,  would  be  prohibitive  on  account 
of  the  cost  of  transportation.  Under  such  circumstances  it  seemed 
important  to  ascertain  if  it  were  possible  to  renovate,  and  maintain 
such  soils  in  a  high  state  of  fertility,  at  a  profit,  by  the  use  of  chemi- 
cal manures.  To  this  end  seven  different  systems  of  crop  rotation 
and  manuring  are  being  compared,  the  financial  results  of  which  are,. 
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in  certain  cases,  highly  encouraging.  Bulletins  relating  to  certain 
of  these  rotations  have  been  published,  and  others  will  be  issued  from 
time  to  time. 

The  study  of  the  eiEciency  of  the  phosphoric  acid  of  Peruvian 
guanO;  as  compared  with  that  in  acid  phosphate,  bone  meal,  and 
basic  slag  meal  (Thomas  phosphate),  is  being  continued  with  a  variety 
of  crops. 

The  study  of  the  relative  efficiency  of  nine  different  phosphatic 
mtmures,  for  miscellaneous. farm  crops,  has  already  shown  that  the 
roasted  iron  and  aluminum  phosphate  (roasted  redondite),  which 
by  chemical  analysis  appears  to  have  great  value,  may  be  almost 
valueless  for  certain  crops  on  unlimed  land;  yet  for  other  crops,  on 
limed  land,  it  may  be  quite  efficient.  Valuable  restdts  are  also  be- 
ing secured  bearing  upon  the  agricultural  value  of  the  phosphoric 
acid  of  bone  meal,  basic  slag  meal,  and  floats,  showing  that  the  last- 
mentioned  phosphate  is  far  less  efficient  for  most  crops  than  bone 
meal  or  basic  slag  meal. 

The  results  show  that  for  immediate  effects,  where  phosphoric 
acid  ii3  greatly  deficient,  nothing  equab  the  soluble  phosphates 
(acid  phosphate,  dissolved  bone-black,  and  dissolved  bone),  and  that 
the  basic  slag  meal  is  quicker  in  its  action  than  bone  meal;  in  fact, 
the  former  approaches  the  soluble  phosphates  very  closely  in  this 
particular.  For  immediate  results  the  bone  meal  is  much  better  than 
floats,  though  inferior  to  basic  slag  meal. 

The  experiments  with  sodium  salts  are  being  continued  for 
the  purpose  of  learning  what  varieties  of  plants  are  most 
likely  to  be  benefited  by  them  when  postassium  salts  are  lacking. 
Crops  are  being  secured  for  analysis  in  order  to  see  if  sodium  has  ex- 
erted an  injurious  or  beneficial  effect  upon  the  organic  constituents  of 
the  plants.  In  the  same  connection  observations  are  being  made 
concerning  the  relative  susceptibility  of  potato  plants  to  blight,  as 
affected  by  the  varying  amounts  of  potassium  and  sodium  present 
in  the  manures.    Furthermore,  experiments  are  being  conducted  to 
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see  if  potatoes,  grown  for  two  or  more  generations  where  there  is  a 
deficiency  of  potassium,  show  weakened  vitality. 

Experiments  are  in  progress  to  determine  what  degree  of  finjtnnitl 
advantage  arises  from  sowing  rye,  crimson  clover,  or  other  legumes 
as  a  catch  crop  between  Indian  com  at  the  last  cultivation. 

An  interesting  problem  from  a  financial  standpoint  is  the  experi- 
ment in  progress  for  the  piupose  of  learning  if  one  or  two  good 
crops  of  Indian  com  cannot  be  secured,  without  manuring,  on  land 
which  has  been  top-dressed  regularly  for  the  production  of  grass. 
The  crop  of  1907  was  so  good  that  another  is  being  grown  on  the 
same  land  in  1908;  the  outlook  for  which  is  now  most  promising. 
If  it  is  found  that  hay  can  be  produced  at  a  handsome  profit  by  em- 
ploying annual  top-dressings  of  chemical  manures,  and  that  the  de- 
caying residues  of  the  extensive  grass  roots  induced  by  the  top- 
dressing  will  then  furnish  the  food  (supplementd  with  that  nat- 
urally in  the  soil)  lor  the  production  of  two  good  com  crops,  the 
importance  of  top-dressing,  instead  of  leaving  grass-lands  to  them- 
selves, will  be  much  emphasized. 

The  trial  of  varieties  of  flint  Indian  com  in  codperation  with  the 
U.  S.  Department  of  Agriculture  is  being  continued  in  order  to  see 
if  the  introduction  of  varieties  from  other  parts  of  the  country  will 
be  profitable. 

The  experiment  with  several  hundred  varieties  of  potato  tubers 
is  still  in  progress  for  the  purpose  of  learning  which  are  reasonably 
resistant  to  the  blights,  and  for  their  utilization,  if  .desirable,  in  the 
attempt  to  breed  blight-resistant  varieties  possessed  of  the  other 
qualities  which  the  Rhode  Island  market  demands.  No  progress 
was  made  in  this  selective  work  in  1907  on  account  of  the  almost 
entire  absence  of  blight  during  that  season. 

Improvements. 

During  the  year  the  old  calAilating  and  mailing  machines  have 
been  exchanged  for  new  and  improved  ones. 

Additional  shelves  have  been  erected  in  the  attic  for  the  storage 
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of  various  materials,  in  order  that  they  may  be  arranged  systemati- 
cally and  may  be  made  instantly  accessible. 

The  walls  and  floors  of  the  main  Station  building  have  been  ren- 
ovated. Many  minor  improvements  have  been  made  to  the  poultry 
plant,  including  the  erection  of  a  chimney  for  the  brooder  bouse. 

A  case  for  the  storage  of  culture  tubes  has  been  added  to  the  equip- 
ment of  the  biological  laboratory. 

The  old  pot-culture  house,  which  was  greatly  in  need  of  renovation, 
has  been  reglazed,  painted,  and  generally  repaired.  The  tracks  con- 
nected with  the  house  have  been  put  in  repair,  and  the  outside  pot 
enclosure  has  been  painted. 

The  library  facilities  have  been  enlarged  by  the  addition  of  a  new, 
double,  six-section  stack. 

Needs  of  the  Station. 

Attention  should  be  called,  again,  to  the  increased  opportunity  for 
soil  and  greenhouse  investigations  which  would  be  afforded  if  pro- 
vision were  made  for  supplying  heat  in  the  pot-culture  house  during 
the  winter. 

The  need  of  more  satisfactory  office  facilities  for  the  Director  has 
been  pointed  out  in  previous  reports,  and  this  necessity  increases 
with  each  successive  year. 

In  previous  reports  attention  has  been  called  to  the  need  of  a  fire- 
proof storage  bouse  for  samples  of  material  accumulated  in  con- 
nection with  the  work  of  investigation,  and  also  of  a  dry  and  fire- 
proof storage  vault  for  the  records  of  the  experimental  work.  In 
view  of  the  liberal  federal  appropriation  to  the  Station,  it  is  impor- 
tant that  the  State  should  furnish  a  safe  storage  place  for  the  records 
without  delay. 

Attention  has  been  called,  previously,  to  the  importance  of  ex- 
periments in  orchard  culture,  and  to  the  fact  that  these  are  im- 
possible iinless  additional  areas  of  land  are  placed  at  the  disposal 
of  the  Station,  either  through  assignment  from  the  College  farm  or 
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by  purchase.  In  fact,  with  each  year  the  College  land  is  becoming 
less  suited  to  such  experiments  on  account  of  its  increasing  fertility 
and  owing  to  the  irregularities  introduced  by  subdivision  of  the  fields 
into  sections  used  for  different  purposes. 

One  of  the  greatest  immediate  needs  of  the  Station  is  a  long  poultry 
house  where  feeding  experiments  with  hens  can  be  conducted  and 
where  a  sufficient  number  of  fowl  can  be  maintained  to  supply  e^s 
for  the  production  of  chicks  of  uniform  character.  Such  chicks  are 
necessary  for  use  in  the  work  in  chicken  feeding.  In  this  connec- 
tion the  Station  is  studying  the  relative  value  of  various  concen- 
trated feedingHstuffs,  and  is  endeavoring  to  ascertain  to  what  the 
differences  in  efficiency  are  due,  and  how  the  efficiency  of  certain 
feeds  can  be  increased.  In  view  of  the  liberal  treatment  accorded 
the  Station  by  the  federal  government,  it  would  seem  that  the  State 
should  furnish  some  of  these  facilities  which  are  so  sorely  needed  at 
this  time,  especially  in  view  of  the  fact  that  Rhode  Island  makes  no 
annual  appropriation  for  the  maintenance  of  the  Station,  such  as  is 
made  in  many  of  the  other  States. . 

An  equally  great,  or  even  more  pressing  need  is  a  small  hospital 
building  for  use  in  connection  with  tl\e  study  of  poultry  diseases, 
since  at  the  present  time  the  Station  is  entirely  without  facilities  in 
this  line.  In  fact  both  buildings  are  essential  to  making  the  best  use 
of  the  funds  which  the  federal  government  is  suppl3ring  for  mainte- 
nance of  the  work  of  investigation. 

CodPERATivB  Work. 

After  July  1, 1908,  the  Station  will  be  engaged  in  co5perative  work 
with  the  U.  S.  Department  of  Agriculture  only  to  the  extent  of 
making  trials  of  flint  com  (maize)  in  codperation  with  the  Bureau 
of  Plant  Industry. 

The  cooperation  of  the  Bureau  of  Soils  in  testing  the  efficiency  of 
the  paraffined  wire-basket  method  for  ascertaining  the  needs  of 
soils,  a  method  devised  by  the  bureau,  was  withdrawn  on  account  of 
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a  reduced  appropriation  and  the  increased  demands  upon  the  bureau. 
Nevertheless,  since  the  results  of  the  previous  year  had  shown  that 
where  the  soil  deficiencies  were  not  great  the  method  often  failed  to 
give  satisfactory  results,  it  was  decided  to  continue  the  work,  even 
without  further  aid  from  the  bureau,  in  order  to  determine  definitely, 
if  possible,  if  the  method  would  give  as  reliable  indications  under 
normal  soil  conditions  as  it  was  found  to  give  when  only  such  soils 
were  studied  as  had  been  exhausted  by  one-sided  manuring  through 
a  long  series  of  years. 

On  February  6,  1908,  notification  of  the  withdrawal  of  codpera- 
tion  on  the  part  of  the  Bureau  of  Animal  Industry  was  given,  to  take 
effect  at  the  end  of  the  fiscal  year  (June  30, 1908).  In  this  letter  the 
chief  of  the  bureau,  in  speaking  of  the  chief  of  the  Division  of  Pathol- 
ogy and  his  work  in  the  bureau  on  blackhead  (which  was  of  recent 
origin),  stated  that  ''Through  an  unforeseen  accident  he  was  imable 
last  year  to  connect  these  investigations  with  breeding  work  at  the 
Bethesda  Experiment  Station.  As  both  these  lines  bid  fair  at  the 
present  writing  to  work  out  well  this  coming  year,  it  would  appear 
to  be  almost  superfluous  for  the  Bureau  to  engage  in  further  co- 
operative work  on  this  line  after  July  1,  1908.  Especially  would 
cooperation  be  of  doubtful  utility  in  view  of  the  fact  that  the  findings 
in  the  laboratory  here  do  not  appear  to  be  in  absolute  accord  with 
those  of  Dr.  Cole  and  Mr.  Hadley." 

It  should  be  stated  that  when  this  codperation  was  entered  upon 
the  bureau  was  not  engaged  in  a  study  of  the  blackhead  dis- 
ease and  refused  cooperation,  except  in  turkey  breeding  as  a 
means  of  controlling  the  disease.  The  Station  had  then  been  en- 
gaged for  some  time  in  the  study  of  the  etiological  features  of  the 
"blackhead"  disease. 

Subsequently  the  bureau  arbitrarily  transferred  the  cooperation 
from  its  Division  of  Animal  Husbandry  to  its  Division  of  Pathology, 
leaving  the  Station  no  option,  excepting  withdrawal.  The  next  step 
was  the  publication  of  a  bulletin  concerning  the  subject  of  ''black- 
head" disease.    The  only  technical  ground  which  might  have  been 


Digitized  by  VjOOQIC 


226  R.  I.  Agl.  Expt.  Sta.  Rbpt,,  1908. 

claimed  (but  which  was  not  advanced  in  the  letter  of  February  6, 1908)* 
for  the  withdrawal  of  cooperation  was  an  inadvertent  act  of  an  em- 
ployee of  the  Station  for  which  the  Director  of  the  Station,  who  was 
the  party  to  the  contract,  was  not  to  blame  and  from  which  he  was 
fully  exonerated  by  the  bureau. 

Mention  is  made  of  the  history  of  the  cooperation  to  show  that 
it  may  be  of  such  limited  tenure  that  an  experiment  station  cannot 
look  forward  to  undertaking  important  investigations  with  such  un- 
certain prospect  for  continued  support;  and  it  seems  probable  that 
if  really  effective  and  successful  cooperation  is  to  be  brought  about 
between  the  experiment  stations  and  the  U.  S.  Department  of 
Agriculture,  such  cooperation  must  come  through  a  sympathetic 
channel,  such  as  a  special  bureau,  rather  than  through  chiefs  of  bu- 
reaus, who  may  be  looking  for  personal  and  bureaucratic  aggnmd- 
izement  in  the  same  lines  of  research,  and  who  may  readily  look 
upon  the  stations  as  rivals.  The  great  field  of  agricultural  research 
is  far  wider  than  the  federal  government  and  the  individual  States  can 
hope  to  cover  for  years,  and  there  is  the  broadest  field  of  work  for 
all.  In  such  investigations  there  must  be  ample  academic  freedom 
and  opportunity  for  individual  initiative  if  the  greatest  progress  is 
to  be  made,  conditions  which  can  be  fulfilled  if  the  work  is  properly 
organized  and  directed. 

Changes  in  the  Station  Staff. 

During  the  year  there  have  been  no  changes  in  the  horticultural 
staff  of  the  Station,  though  with  the  beginning  of  the  new  fiscal  year 
(July  1,  1908)  Prof.  G.  E.  Adams  will  devote  himself  chiefly  to 
teaching  in  the  College,  retaining  charge  merely  of  the  work  in  floricul- 
ture in  the  Station. 

In  consequence  of  the  more  complete  withdrawal  of  Prof.  Adams 
from  Station  work,  the  Director  of  the  Station  assumes  the  full  su- 
pervision of  the  work  in  agronomy  and  the  continuance  of  the  out- 
side work  formerly  conducted  by  the  Horticultural  Division.  In 
order  to  render  possible  closer  attention  to  the  details  of  the  work  in 
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agronomy  than  formerly,  and  to  permit  of  an  increase  in  the  volume 
of  cooperative  experiments  among  the  farmers,  the  department  of 
agronomy  has  been  increased  by  the  appointment  of  Albert  L.  Whit- 
ing, B.  Sc,  a  graduate  of  the  Massachusetts  Agricultural  College,  as 
assistant  agronomist. 

The  vacancy  created  by  the  resignation  of  Dr.  L.  J.  Cole,  to  ac- 
cept a  position  at  Yale  University,  has  been  filled  by  the  appoint- 
ment of  Philip  B.  Hadley,  Ph.  D.,  of  Brown  University. 

In  the  spring  of  1908  W.  F.  Schoppe,*B.  Sc,  who  was  appointed, 
the  preceding  August,  assistant  in  animal  feeding,  resigned  to  ac- 
cept a  position  at  the  Agricultural  College  of  Montana,  and  the  va- 
cancy created  was  filled  by  the  appointment  of  J.  Swett  Irish,  B. 
Sc,  a  graduate  of  the  University  of  Maine. 

In  the  Chemical  Division  the  resignation  of  H.  S.  Hammond,  B.  S. 
A.,  who  withdrew  to  accept  a  position  at  the  Macdonald  College  in 
Canada,  left  a  vacancy  which  was  filled  by  the  appointment  of  Wili 
liam  Quantz,  Ph.  D. 

Under  a  special  arrangement  Mr.  J.  W.  Bolt6  was  engaged  to 
carry  to  completion  such  experimental  work  as  he  had  in  progress, 
but  before  its  completion  he  resigned  to  enter  upon  a  business  career. 
The  continuance  of  work  of  the  same  general  character  has  been 
provided  for  by  its  assignment  to  the  chief  of  the  division  of  chemistry, 
who  will  continue  it  in  cooperation  with  the  chief  of  the  Division  of 
Biology. 

Owing  to  the  resignation  of  Miss  Beulah  A.  Hoitt,  as  clerk  and  ac- 
countant, the  vacancy  was  filled  by  the  appointment  of  Miss  Grace  E. 
Hovey,  B.  Sc,  a  graduate  of  Simmons  College. 

The  rapidly  increasing  demands  for  additional  clerical  assistance 
have  been  met  by  the  appointment  of  Zilla  M.  Constable,  B.  Sc,  a 
graduate  of  Simmons  College,  who  will  assist  in  the  keeping  of  records, 
proof-reading,  and  in  attending  to  the  ever  increasing  correspond- 
ence. 
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Publications. 
The  following  bulletins  have  been  published  in  the  course  of  the  year : 

No.  123,  The  Rearing  and  Management  of  Turkeys,  with  Special  Reference  to 
the  Blackhead  Disease,  August,  1907,  pp.  1-64. 

No.  124,  Further  Experiments  in  Connection  with  the  Blackhead  Disease  of 
Turkeys,  November,  1907,  pp.  65-106. 

No.  125,  Commercial  Fertiliiers,  November,  1907,  pp.  107-122. 

No.  126,  Feeding  Experiments  with  Chickens,  Cockerels,  and  Turkeys,  January, 
1908,  pp.  123-150. 

No.  127,  Some  Recent  Feeding  Experiments.  Analyses  of  Commercial  Feed- 
ing-stufifs,  April,  1908,  pp.  151-180. 

No.  128,  A  Further  Study  of  Soil  Treatment  in  Greenhouse  Culture,  June,  1908, 
pp.  181-196. 

No.  129,  Experim3nts  with  Feldspathic  Rock  as  a  Source  of  Potassium,  June, 
1908,  pp.  197-206. 
• 

Concerning  Work  which  thb  Station  Can  and  Cannot  Un- 

DERTAKS. 

There  seems  to  be  a  more  or  less  prevalent  idea  that,  by  virtue  o( 
being  taxpayers,  individuals  citizens  of  the  State  may  send  samplfs 
of  material  to  the  Station  for  analysis,  without  charge.  As  a  result, 
the  Station  is  in  frequent  receipt  of  water,  minerals,  and  materials 
of  various  kinds  which  are  sent  for  examination.  In  the  first  place, 
the  public  does  not  appear  to  appreciate  that  the  State  makes  no 
annual  appropriation  for  the  maintenance  of  the  Experiment  Station. 
This  support  is  provided  for  entirely  by  appropriations  made  by  the 
federal  government.  These  federal  appropriations  are  only  available 
for  specific  purposes  which  are  carefully  outlined  in  the  federal  acts, 
and  the  appropriations  are  immediately  withheld  from  the  States 
if  these  conditions  are  violated.  Furthermore,  any  misappropria- 
tions of  these  funds  would  have  to  be  made  good  before  further  dis- 
bursements to  the  State  would  be  made  from  the  federal  treasury 
under  these  acts. 
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On  this  account  the  Station  cannot  examine  free;  minerals,  spring, 
waters,  well  waters,  commercial  fertilizers  sampled  by  farmers,  or 
fertilizers  or  other  materials  sent  by  manufacturers  and  dealers; 
neither  does  the  Station  seek  such  work  even  for  pay  (the  only  con- 
dition under  which  it  could  be  done),  but  prefers  that  such  private 
work  should  be  sent  to  commercial  chemists  who  make  it  their  busi- 
ness. 

If  any  person  knows  of  the  sale  in  the  State  of  any  new  feeding- 
stuff  or  fertilizer  coming  under  the  provisions  of  the  fertilizer  or 
feeding-stuff  inspection  laws,  and  will  send  the  name  of  the  good& 
and  the  name  and  address  of  the  dealer  to  the  Director  of  the  Station,. 
he  will  detail  an  official  inspector  to  sample  the  goods.  The  samples 
will  then  be  examined  and  reported  upon  without  charge.  Such  ex- 
penses are  met  by  the  provisions  of  the  State  fertilizer  and  feeding- 
stuff  inspection  acts,  but  these  funds  cannot  be  drawn  upon  for  the  ex- 
amination of  any  sample  of  material  which  Mr.  A.  or  Mr.  B.  may 
draw  and  forward  on  his  own  account. 

This  course  is  in  accordance  with  the  law,  and  is  the  only  one  which 
can  insure  fair  and  proper  sampling  and  prevent  possible  injustice  to 
manufacturers  or  dealers  against  whom  some  imscrupulous  party 
might  have  a  grudge.  All  official  samples  taken  by  the  Station 
representative  are  drawn  in  duplicate.  Both  are  sealed  at  once,  one- 
being  taken  to  Kingston  and  one  left  with  the  party  selling  or  hold-^ 
ing  the  goods.  In  case  the  Station  analysis  is  doubted,  or  questioned 
in  any  way,  the  duplicate  sample  can  be  divided  into  three  parts,  in 
the  presence  of  all  of  the  parties  in  interest,  one  to  be  taken  for  analy- 
sis by  each  interested  party,  and  one  to  be  sent  to  any  disinterested 
chemist  upon  whom  the  two  may  agree.  In  this  way  the  duplicate 
sample  serves  as  a  protection  against  fraud  or  mistakes  on  either 
side. 

If  at  any  time  any  citizen  of  the  State  has  ground  to  suspect 
that  fertilizers  or  feeding-stuffs,  coming  under  the  provisions  of 
the  State  law,  are  misbranded  or  adulterated,  and  will  furnish  all 
of  the  necessary  information  to  the  Station,  the  matter  will  be  care- 
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fully  investigated  in  connection  with  the  regular  work  of  inspection, 
and  without  charge. 

Parties  buying  fertilizers  or  feedingnstuffs  for  their  own  use,  free 
on  board  cars  (f.  o.  b.)  outside  of  the  State,  cannot  have  them  ex- 
amined here  free  of  charge,  since  such  goods  do  not  come  under  the 
provisions  of  the  State  laws.  Their  only  protection  in  such  a  case 
is  that  afforded  by  the  laws  in  the  State  where  the  purchase  is  made. 
If  such  a  purchaser  has  evidence  of  fraud  in  connection  with  such  a 
purchase,  and  will  report  the  facts  to  the  Station,  the  matter  will  be 
brought  to  the  attention  of  the  proper  official  in  the  State  where  the 
purchase  was  made. 

Factory  wastes  of  agricultural  value  and  natural  deposits  of  fertil- 
izing materials  may  be  examined  without  charge,  if  the  l^ircumstanceB 
seem  to  warrant  it,  but  then  only  imder  the  condition  that  informa- 
tion concerning  the  process  of  manufacture,  the  source  of  the  ma- 
terial, and  any  other  desirable  facts  be  furnished,  so  that  the  results 
may  be  published  for  the  good  of  all  citizens  of  the  State. 

It  is  hoped  that  the  publication  of  this  general  statement  may 
relieve  the  Station  of  a  large  amount  of  explanatory  correspondence 
and  of  being  made  the  recipient  of  a  lot  of  miscellaneous  material 
which  could  not  be  examined  free  without  involving  misappropria- 
tion of  funds  and  the  consequent  withdrawal  of  the  federal  support 
from  the  Station.  For  the  benefit  of  those  not  familiar  with  the 
situation,  it  should  be  stated  that  the  United  States  Department  of 
Agriculture  sends  a  federal  inspector  to  the  Station  annually,  who 
not  only  goes  over  the  experimental  work  in  detail,  but  also  examinee 
carefully  each  individual  bill  and  voucher,  in  order  to  see  that  no 
misapplication  of  fimds  results.  By  these  means  the  fimds  of  the 
Experiment  Station  are  under  the  closest  possible  federal  supervision. 
The  expenditures  under  each  of  the  federal  funds  have  to  be 
scheduled  monthly  arid  yearly  under  about  fifty  subdivisions.  Fur- 
thermore, exact  records  must  be  kept  of  the  actual  cost  of  each  ex- 
periment or  project  carried  on  with  the  Adams  Fund.  In  addition, 
there  must  be  kept  a  record  of  the  amount  of  salary  received  by  each 
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employee  from  each  State  and  federal  account,  all  of  which  goes  to 
show  the  amount  of  detailed  work  involved  and  the  safeguards 
thrown  about  the  expenditures,  by  the  federal  government,  all  of 
which  is  in  addition  to  the  auditing  of  the  accounts  by  the  Board  of 
Managers  of  the  Rhode  Island  College  of  Agriculture  and  Mechanic 
Arts. 

Acknowledgments. 

The  resignation  of  Dr.  Cole  to  accept  a  position  at  Yale  University 
was  received  with  the  utmost  regret,  and  had  it  been  possible  he  would 
have  been  retained  at  the  Station.  He  possesses  the  rare  faculty 
of  planning  experiments  carefully  and  systematically,  of  giving 
proper  attention  to  their  execution,  and  of  keeping  splendid  records 
of  the  work.  It  gives  me  pleasure  to  be  able  to  speak  of  his  work 
without  reservation  and  in  the  very  highest  terms. 

It  is  also  a  pleasure  to  mention  in  the  most  commendatory  way 
the  work  of  Prof.  Adams,  whose  ability,  energy,  attention  to  the  ex- 
perimental work,  and  whose  care  in  keeping  the  experimental  records 
in  the  Divisions  of  Agronomy  and  Horticulture,  have  been  inval- 
uable to  the  Station. 

It  gives  me  particular  satisfaction  also  to  be  able  to  report  that 
Dr.  Hartwell,  who  received  during  the  year  a  flattering  offer  of  a 
position  in  Delaware,  was  finally  induced  to  remain  in  Rhode  Island. 
He  has  been  identified  with  the  work  of  the  Station  practically  since 
its  beginning,  and  it  would  be  a  misfortune  to  have  him  withdraw. 
To  all  three  of  the  gentlemen  mentioned,  and  to  the  other  members 
of  the  Station  staff,  all  of  whom  have  shown  marked  attention  to  their 
duties,  and  willingness  to  meet  all  imusual  demands  upon  their  time, 
I  extend  my  hearty  thanks. 

Very  respectfully  submitted, 

H.  J.  WHEELER, 

Director. 
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Burt  L.  Hartwell. 


Effect  of  Sodium  on  Plant  Composition, — During  the  past  year 
determinations  have  been  made  of  the  proximate  constituents  of  cer- 
tain field  crops  which  were  manured  with  varying  amounts  of  po- 
tassium and  sodium,  in  chlorids  and  carbonates.  Two  crops  of  po- 
tatoes from  certain  of  the  plats  have  now  been  analyzed  for  starch, 
nitrogen,  and  ash.  The  crops  from  the  plats  receiving  potassium 
without  sodium  were  much  larger  than  those  from  the  reverse,  but 
in  tubers  of  the  same  size  there  was  very  little  variation  in  the  per- 
centage of  starch  in  dry  matter.  The  percentage  of  nitrogen  was 
larger  in  the  tubers  from  the  plats  receiving  only  sodium  than  in 
those  receiving  only  potassium;  but  the  percentage  of  ash  was  less. 
The  cooking  quality  did  not  differ  so  much  as  might  have  been  ex- 
pected, yet  tubers  of  the  same  size  from  the  potassium  plats  seemed 
slightly  more  mealy  than  those  from  the  sodium  plats.  No  positive 
difference  was  discernible  in  the  cooking  quality  of  tubers  from  the 
carbonate,  and  from  the  chlorid  plats. 

Results  thus  far  obtained  from  a  chemical  examination  of  the 
beets  indicate  marked  variations  in  the  amount,  and  probably  in  the 
kind,  of  sugar  in  beets  collected  from  the  plats  receiving  different 
relative  amounts  of  sodium  and  potassium. 

Form  of  Phosphorus  in  Turnips. — Owing  to  the  unusual  drought 
in  the  summer  of  1907,  very  few  samples  of  crops  were  available 
from  the  cooperative  soil  tests  in  different  parts  of  the  State;  and 
only  a  small  amount  of  additional  information  was  secured,  there- 
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fore,  regarding  the  relation  between  the  amount  of  phosphorus  in 
turnips  and  the  amount  of  available  phosphorus  in  soils.  Some  data 
have  been  secured  which  throw  light  on  the  solubility  and  reactions 
of  the  phosphorus  in  turnips.  The  phosphorus  is  largely  soluble  in 
water  and  in  dilute  acid.  The  greater  part  of  the  extracted  phos- 
phorus passes  readily  through  parchment  paper,  and  is  precipitable 
by  the  ordinary  reagents  for  inorganic  phosphorus.  We  desire  to 
ascertain  whether  any  quantitative  relation  exists  between  this  pre- 
cipitable phosphorus  and  the  amount  of  available  phosphorus  which 
is  applied  to  or  exists  naturally  in  the  soil. 

Fertilizer  Inspection. — ^The  commercial  fertilizers  which  were  sold 
in  1907  were  inspected  as  usual,  and  the  analytical  results  may  be 
found  in  Bulletins  122  and  125.  One  hundred  and  seven  different 
brands  of  complete  fertilizers,  and  about  thirty  samples  of  wood 
ashes,  bones,  manure  salts,  etc.,  were  collected  and  analyzed. 

Feeding-stuff  Inspection, — During  the  fall  of  1907  and  winter  of 
1908  two  hundred  and  twenty-three  samples  of  commercial  feedmg 
stuffs  were  collected  and  analyzed,  principally  for  protein  and  fat, 
in  order  to  ascertain  if  these  ingredients  were  present  in  accordance 
with  the  amounts  which  were  guaranteed.  The  analytical  results 
were  published  in,  Bulletin  127.  In  the  same  bulletin  there  waa  a 
compilation  of  brief  abstracts  of  feeding  experiments  with  farm 
animals,  which  had  been  recorded  in  recent  bulletins  and  reports 
from  different  parts  of  the  country. 

AvaUability  of  Nitrogenous  Manures. — The  experiment  to  ascer- 
tain the  amount  of  nitrogen  which  plants  can  obtain  from  different 
nitrogenous  materials  has  been  conducted  for  a  number  of  years  in 
sixty-three  pots  set  in  the  ground.  Two  amounts  of  nitrogen,  one 
fifty  per  cent,  greater  than  the  other,  have  been  added  each  year  to 
different  groups  of  pots.  Usually  the  larger  application  has  not  re- 
sulted in  a  larger  crop,  but  in  a  more  nitrogenous  one.  For  this 
reason  it  becomes  necessary  to  determine  the  amount  of  nitrogen 
in  the  crops  which  are  grown  from  year  to  year,  as  greater  differences 
have  been  shown  in  the  amounts  of  nitrogen  removed  than  in  the 
size  of  the  crops. 
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The  present  high  price  of  nitrogen  has  led  to  the  introduction  into 
commercial  fertilizers  of  many  sources  of  this  element  which  were 
originally  considered  to  be  of  too  low  a  grade  for  this  purpose.  Some 
of  these  nitrogenous  materials  are  being  tested,  by  growing  plants 
in  pots,  for  their  value  as  sources  of  nitrogen  in  comparison  with  dried 
blood  and  nitrate  of  soda.  Among  the  materials  being  tested  are 
*' patented  nitrogenous  potash  sulfocyanide  manure,"  ''hide  and 
skin  meal,"  "original  nitrogenous  manure,"  and  "tartar-yeast  ma- 
nure." As  a  result  of  two  tests,  the  "original  nitrogenous  manure" 
has  produced  the  largest  crop,  and  yet  the  increase  was  only  about 
one-half  that  with  dried  blood,  and  even  less  as  compared  with  that 
from  nitrate  of  soda.  Certain  of  these  materials  scarcely  increased 
the  crops  at  all,  but  it  remains  to  be  seen  whether  they  have  made 
the  crops  more  nitrogenous, 

Nitrogen-Gaihering  Value  of  Legumes. — ^The  pot  experiment  which 
was  begun  in  1906  with  four  different  legumes,  to  determine  the 
amount  of  nitrogen  which  would  be  collected  from  the  air  in  a  series 
of  years,  has  been  conducted  thus  far  by  growing  the  four  legumes 
each  summer  in  their  respective  pots  and  removing  the  crop.  Later, 
winter  vetch  is  grown  in  all  of  the  pots,  in  the  greenhouse,  and  is 
turned  into  the  soil  in  the  spring  preparatory  to  planting  the  four 
legumes.  In  the  summer  of  1908  the  legumes  were  making  a  satis- 
factory growth,  although  they  were  the  fifth  crop  without  any  appli- 
cation of  nitrogenous  manures.  The  soy  bean  and  cowpea  make 
a  particularly  good  growth  and  contain  a  large  amount  of  protein. 

The  average  amount  of  nitrogen  removed  in  ten  of  these  mature 
plants,  without  the  roots,  has  been  about  two  grams.  These  crops 
have  been  repeatedly  grown  in  the  field  experiments  of  the  Station, 
and  deserve  more  attention  than  they  are  receiving  from  Rhode 
Island  farmers. 

Sou  Tests  with  Seedlings. — ^The  experiments  with  the  wire-basket 
method  of  the  U.  S.  Bureau  of  Soils,  for  determining  the  manurial 
requirements  of  soils,  have  been  concluded.  The  results  in  continua- 
tion of  those  recorded  in  Bulletin  120  may  be  found  in  Bulletin  131. 
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The  many  instances  of  disagreement  between  the  results  by  the 
basket  and  those  secured  in  actual  field  practice  rendered  unreU- 
able  many  of  the  indications  which  the  method  afforded. 

Potassium  from  Feldspar. — ^The  solution  and  pot  experiments  with 
finely-ground  feldspathic  rock  have  been  concluded,  and  the  results 
published  in  Bulletin  129.  Tests  with  millet,  beans,  and  wheat 
showed  that  the  farmer  cannot  afford  even  to  experiment  with  this 
material;  for  the  crops  were  scarcely  any  larger  than  where  no  po- 
tassium was  used. 

Sodium  as  a  Supplement  to  Potassium, — ^The  work  by  means  of 
water-cultures,  which  was  designed  to  prove  whether  sodium  is 
directly  useful  to  plants  or  not,  has  shown  that,  with  an  insufficiency 
of  potassium,  sodium  is  directly  useful.  The  first  part  of  the  work, 
which  was  carried  on  principally  with  wheat  seedlings,  appeared  in 
the  last  annual  report.  The  remainder  is  comprised  in  the  succeeding 
paper.  Other  cereal  seedlings  were  found  to  be  benefited  by  sodium 
under  conditions  analogous  to  those  which  existed  with  the  wheat, 
and  the  benefit  was  likewise  shown  to  pa:i3ist  in  the  case  of  plants 
which  were  grown  for  four  months  in  solution. 

The  question  of  the  practical  value  of  the  sodium  in  nitrate  of 
soda  and  in  kainit  is  still  being  considered  with  the  help  of  pot  ex- 
periments. 

Effect  of  Acid  and  of  Ferrous  Sulfate  on  Seedlings. — ^The  field  experi- 
ments have  shown  that  different  kinds  of  plants  are  very  differently 
affected  by  a  soil  which  turns  a  blue  litmus  paper  red.  Among  the 
cereals,  for  example,  the  addition  of  alkaline  material  to  such  a  soil  is 
much  more  necessary  for  barley  than  for  rye.  A  maximum  crop 
of  rye  may  be  obtained  without  any  addition  of  lime,  whereas  the 
growth  of  barley  under  the  same  conditions  may  be  increased  200  per 
cent.  The  seedlings  of  these  two  cereals,  and  to  a  less  extent  those 
of  wheat  and  oats,  have  been  tested  by  growing  them  in  nutrient 
solutions  containing  varying  amounts  of  certain  acids,  and  ferrous 
sulfate,  to  see  if  they  are  affected  in  the  same  relative  way  as  they 
are  by  the  field  conditions.     The  effect  of  acids  was  recorded  in  the 
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last  annual  report.  The  effect  of  ferrous  sulfate  may  be  seen  by  con- 
sulting an  article  which  appears  upon  subsequent  pages  of  the  present 
volume.  It  may  be  said,  in  brief,  that  no  evidence  was  secured  that 
rye  was  any  less  susceptible  than  barley  to  the  acids,  and  to  ferrous 
sulfate. 

Miacellaneoua  Analyses. — ^A  large  part  of  the  analytical  work  of 
the  year  has  been  in  connection  with  unfinished  problems  and  will  be 
published  when  the  work  is  terminated,  but  a  few  miscellaneous 
analyses  will  now  be  recorded. 

Sludob. 

Par  cent. 

I.  U.  lU. 

Water 8.13  16.30  0.26 

Nitrogen 1.36  1.38 

Phosphoric  acid  (Pj  O,) 0.96  3.41  1.70 

Sludge  is  the  precipitated  material  which  is  obtained  when  sewage 
is  treated  with  lime,  supplemented  in  some  cases  with  iron  or  alumi- 
num sulfate.  The  flocculent  precipitate,  consisting  in  part  of  phos- 
phates, which  forms  upon  the  addition  of  lime  to  sewage  contained 
in  a  settling  tank,  carries  down  not  only  the  insoluble  suspended 
matter  of  the  sewage,  but,  to  some  extent,  nitrogen  and  phosphorus 
in  combination  with  organic  matter.  The  material  has  some  value 
as  a  manure,  and  when  the  cost  of  application  is  small  it  may  be  used 
economically  under  certain  conditions. 

Sample  I  was  ordinary  sludge.  Sample  II  was  a  sludge  said  to 
have  been  treated  in  such  a  way  as  to  increase  its  manurial  value; 
when  in  the  same  state  of  dryness  as  sample  I  it  contained  a  little 
more  nitrogen  and  about  four  times  as  much  phosphorus.  Sample 
III  was  the  ashes  of  sludge.  In  the  process  of  burning,  the  nitrogen 
is  volatilized.  None  of  the  samples  contained  significant  amounts  of 
potassium.    These  samples  were  sent  by  the  city  of  Providence. 


Digitized  by  VjOOQIC 


240  R.  I.  Agl.  Expt.  Sta.  Reft.,  1908. 

Wool  Dust. 

Per  oent 
I.  n 

Nitrogen 1.00        4.38 

Wool  dust  or  waste  is  of  value  for  manurial  purposes  principally 
because  of  the  nitrogen  which  it  contains.  The  amount  of  this  ele- 
ment is  quite  variable,  and  commonly  equals  between  two  and  seven 
per  cent.  The  nitrogen  is  usually  not  more  than  one-third  as  avail- 
able during  the  first  year  as  that  in  nitrate  of  soda.  Samples  of 
Rhode  Island  wool  waste  which  have  been  examined  here  have  usually 
contained  about  one-fourth  of  a  per  cent,  of  phosphoric  acid  and  from 
three-fourths  to  three  per  cent,  of  potassium  oxid. 

I.    Dried  Blood. 
II.    Dissolved  Bone. 
Ill  and  IV.    Ground  Bone. 

P«r  oent. 

I.              n.              m.  IV. 

Nitrogen 11.28          1.70          3.38  3.88 

Phosphoric  acid 1.72        14.81         19.66  19.86 

Dried  blood  frequently  contains  so  much  phosphorus  as  to  seriously 
interfere  with  its  use  in  experiments  in  which  it  is  desired  to  eliminate 
this  element.  This  is  sometimes  due  to  an  admixture  of  bone;  but 
a  sample  of  pure,  dried,  pig's  blood  was  found  to  contain  three-fourths 
of  a  per  cent,  of  phosphoric  acid. 


Nitrogen 


I. 

Sulfate  of  Ammonia. 

II. 

Nitrate  of  Soda. 

Per  cent. 
I.                 II. 
..      20.89         15.32 
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PoTASBiuM  Nitrate. 

Per  cent. 

Water 0.23 

Nitrogen 11.88 

Potassium  oxid 46 .  34 

Chlorin 5.40 

This  material  can  frequently  be  purchased  at  a  price  which  makes 
it  the  cheapest  source  of  soluble  nitrogen  and  potassium. 

I.  High  Grade  Sulfate  of  Potash. 

n.  High  Grade  Muriate  of  Potash. 

III.  Muriate  of  Potash. 

IV.  Carbonate  of  Potash. 


Par  cent. 

I. 

n.            m. 

IV. 

Potassium  oxid 

48.94 

61.93         49.11 

67.56 

I.    Common  Salt. 
II.    Sodium  Carbonate. 

Per  cent. 
I.  n. 

Sodium  oxid 51.80        55.39 

Ground  Limbstonb. 

Per  cent. 

Calcium  oxid 60. 23 

Magnesium  oxid 05 

In  some  parts  of  the  country,  finely-ground  limestone  is  used  for 
agricultural  purposes  in  the  place  of  slaked  lime.  It  acts  somewhat 
more  slowly  than  the  latter,  which  is  an  advantage  in  some  instances. 
It  is  only  recently  that  limestone  has  been  ground  in  New  England. 
The  difiFerence  in  the  cost  of  transportation  is  a  large  factor  in  deter- 
mining whether  it  is  better  economy  to  purchase  the  ground  lime- 
stone, or  the  burnt  lime  which  is  prepared  from  the  same  and  is 
slaked  before  using.  The  burnt  lime,  from  which  the  carbon  dioxid 
is  driven  out,  is  nearly  all  calcium  oxid,  and  therefore  contains  about 
twice  as  much  actual  lime  as  the  limestone. 
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BfATEBIALB  USBD  DC  FbEDDTO-ExPSRIMENTB  WITH  C^CKXNB. 


I 

m 


d 

5 

A* 


•5-g 


Cracked  corn  — 

Com  meal 

Gluten  feed 

Linseed  meal* . . . 

Alfalfa  meal 

Blixed  feed , 

Granulated  milk . 

Animal  meal 

Animal  meal .... 


14.03 

13.50 

9.85 

10.44 

10.26 

11.89 

9.10 

6.84 


8.56 
8.56; 
25.131 
36.38 
12.38 
15.38; 
43.50| 
38.88 
43.81 


1.16 
1.39 
2.46, 
5.96 
8.46 
5.26 
20.13j 

38. 9o: 


0.62 
0.61 
0.96 
2.02 
0.39 
2.66 
5.85 
14.31 
13.30 


0.07 
0.05 
0.30 
0.49 
1.71 
0.17 
9.82 
18.40 
18.23 


Contained  3.46  per  cent,  of  ether  eztrAct. 


MOLAS8E8. 

Pa-  cent. 

^  (  Removed  in  12  hrs.  in  boiling  water  oven 24.82 

(  Removed  at  about  70^  temp,  and  170  mm.  pressure 23.85 

Sucrose  (cane  sugar) 38.01 

Reducing  sugar,  as  invert  sugar 19. 51 
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SODIUM  AS  A  PARTIAL  SUBSTITUTE  FOR  POTASSIUM* 


BURT  L.  HARTWELL  AND  F.  R.  PEMBER. 


The  present  article  is  supplementary  to  one  in  the  preceding  an- 
nual report  of  this  Station,  to  which  reference  should  be  made  for  a 
description  of  the  method  of  growing  seedlings  in  solution,  the  foim- 
dation  nutrients  in  the  solution,  and  other  points  which  are  not  in- 
cluded here.  Experimental  work  in  the  field,  in  pots,  and  in  the 
laboratory,  on  the  use  of  sodium  in  connection  with  potassium,  is. 
recorded  in  earlier  publications  of  this  Station.* 

The  solution  work  which  was  recorded  in  the  last  annual  report 
was  conducted  with  only  wheat  seedlings;  and  it  was  deemed  im- 
portant to  ascertain  whether  the  beneficial  effects  of  sodium  in 
connection  with  a  deficient  amount  of  potassium,  which  were  noted 
with  that  plant,  would  probably  be  observable  with  other  cereals. 
Accordingly,  similar  experiments  were  conducted  with  barley,  oats, 
rye,  and  millet,  the  results  of  which  will  now  be  considered.  The 
weights,  in  grams,  secured  with  millet  are  given  in  table  I. 

Table  I. 
Effect  of  Sodium  on  Millet  Seedlings. 


Fbom  Each  Bottls. 

Rblatzyb. 

Special  Additionb. 

Trans- 
piration. 

Green 
weisht. 

Trana- 
piration. 

Green 
weiffht. 

32  ppm.  K.  in  K  CI. . ; 

8ppm.  K.  in  KCl 

8  ppm.  K.  in    KQ,    and 
14ppm.  Na.  inNaCl 

120 
121 

101 
100 

115 
115 

5.92 

6.78 

4.10 
4.26 

4.92 
4.94 

100 
83 
95 

100 
71 

84 

*  Ann.  Rpts.  7.  168-182  (1804);  8.  216-231  (1896);  9.  221-241  (1896);  10.  220-240 
(1897);  11,  137-143  (1898);  16,  237-267  (1903);  19,  18(^16  (1906);  80.  299-367  (1907); 
and  BuUetina  104  and  106  (1906). 
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The  results  indicate  that  sodium  is  beneficial  with  millet,  as  with 
wheat,  when  it  supplements  an  amount  of  potassium  which  b  in- 
sufficient to  produce  maximum  growth.  With  eight  parts  of  po- 
tassium in  potassium  chlorid,  per  million  of  solution  (8  ppm.  K.  in 
K  CI),  the  relative  transpiration  (evaporation  from  the  leaves)  and 
weight  of  the  green  seedlings  were  83  and  71,  respectively,  as  com- 
pared with  100  when  the  plants  had  received  an  abimdance  of  po- 
tassium. The  addition  of  fourteen  parts  of  sodium  in  sodimn  chlorid, 
per  million  of  solution  (14  ppm.  Na.  in  NaCl),  increased  the  transpi- 
ration  and  green  weight  to  95  and  84. 

The  results  secured  with  oats  are  recorded  in  table  II. 

Table  II. 
Effect  of  Sodium  on  Oat  Seedlings. 


Fbom  EIach  Bottlk. 

Rklatite. 

Special  Additions. 

Tntns- 
piration. 

Green 
weight. 

Trano- 
piration. 

Green 
weigbt. 

ExpenmentL 
32  ppm.  K.  in  K  a 

8  ppm.  K.  in  K  CI 

8  ppm.  K.  in  K  CI,  and 
14  ppm.  Na.  in  Na  CI 

Experiment  II. 
32  ppm.  K.  in  K  CI 

8ppm.  K.  inKCl 

8  ppm.  K.  in  K  CI,  and 
14  ppm.  Na.  in  Na  a 

159 
189 

155 
154 

186 
188 

210 
173 

160 
173 

172 
179 

4.30 
4.72 

3.60 
3.51 

4.31 
4.26 

4.87 
4.16 

3.40 
3.63 

4.04 
4.02 

100 

89 

108 

100 

87 
92 

100 
79 
94 

100 
78 
89 
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This  table  shows  that  the  growth  of  the  oat  seedlmgs  was  likewise 
increased  by  the  addition  of  sodium  to  an  amount  of  potassium 
which  was  insufficient  for  the  maximum  growth  of  the  seedlings. 

The  results  of  two  experiments  with  rye  seedlings  may  be  seen  by 
reference  to  table  III. 


Table  III. 
Effect  of  Sodivm  on  Rye  SeecUxnga. 


From  Each  Bottle. 

Relative. 

Special  Additions. 

1 

Transpiration. 

Green  weisbt. 

Transpiration. 

Green  weight. 

ExpL  I. 

Expt.  11. 

ExpLL 

ExpL  II. 

Expt.  I. 

Expt.  II. 

Expt.  I. 

ExpL  11. 

32ppm.  K.  inKa.... 

188 
209 

220 

,      228 

4.94 
4.90 

5.52 
5.10 

100 

100 

100 

100 

8  ppm.  K.  in  K  CI. . . . 

164 
162 

183 
192 

3.78 
3.90 

3.88 
3.91 

80 

84 

78 

73 

8  ppm.  K.  in  K  CI,  and 
14ppm.  Na.  inNaCl.. 

165 
177 

189 
220 

3.66 
3.99 

4.21 
4.23 

87 

91 

78 

7fr 

4  ppm.  K.  inKCl.... 

110 
128 

148 
133 

3.29 
3.24 

3.25 
3.43 

60 

62 

66 

63 

4ppm.  K.inKCl,and 
16  ppm.  Na.  inNaCl.. 

119 
141 

154 
166 

3.40 
3.53 

3.58 
3.64 

66 

71 

71 

6S 

2  ppm.  K.  inKCL... 

80 

68 

95 
99 

2.36 
2.40 

2.66 
2.93 

37 

43 

48 

5S 

2  ppm.  K.  in  K  CI,  and 
18  ppm.  Na.  in  Na  CI. . 

73 

74 

100 
101 

2.84 
2.80 

3.03 
2.82 

37 

45 

57 

55. 

By  referring  to  the  relative  green  weights  in  experiment  I,  in  this 
table,  it  may  be  seen  that  a  reduction  in  the  amount  of  potassium 
from  32  to  8  ppm.  resulted  in  a  depression  of  over  20  per  cent.,  as  is 
usual  with  wheat  seedlings,  but  when  there  was  added  an  amount 
of  sodium  chlorid  equivalent  to  the  24  ppm.  of  potassium  which  was 
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withheld,  the  relative  green  weight  was  not  increased.  In  e^ri- 
ment  II,  however,  there  was  an  increase  under  these  circumstances. 
There  were  a  number  of  instances  in  the  case  of  the  rye  seedlings, 
considering  both  the  transpiration  and  green  weight,  in  which  the 
substitution  of  potassium  by  equivalent  amounts  of  sodium  resulted 
in  scarcely  any  increase  over  that  obtained  with  the  reduced  amount 
of  potassium  alone.  The  experiment  recorded  in  table  IV  was 
therefore  conducted  with  wheat  and  rye  at  the  same  time  and  under 
identical  circumstances,  to  find  out  if  any  difference  exists  in  the 
two  cereals  regarding  the  question  under  discussion. 

Tablb  IV. 

Comparative  Effect  of  Sodium  on  Wheat  and  Rye  Seedlings. 


Fbom  Each  Bottlb. 

BxLATPrm, 

TraMpirmtion. 

Oreenwdcht. 

Tnuwpiration. 

QnenwMght 

32  ppm.  K.  in  K  CI 

8ppm.  K.  inKCl 

8   ppm.  K.  in   KQ,   and 
14  ppm.  Na.  in  Na  CI 

4  ppm.  K.  inKCl 

4  ppm.  K.  in  K  CI,  and 
16  ppm.  Na.  inNaCl 

2  ppm.  K.  inKCl 

2  ppm.   K.   in  Ka,   and 
18  ppm.  Na.  in  Na  CI 

WheaL 
212 
194 

143 
150 

195 
181 

112 
105 

178 
158 

81 
99 

139 
141 

Rve. 
252 
243 

189 
193 

220 
203 

136 
135 

160 
156 

117 
103 

103 
126 

WksaL 
5.60 
5.31 

3.83 
3.86 

4.84 
4.40 

3.01 
2.90 

4.51 
4.33 

2.26 
2.42 

3.66 
3.64 

4.93 
5.26 

3.89 
4.19 

4.40 
4.24 

3.38 
3.51 

3.70 
3.74 

2.58 
2.81 

2.76 
2.90 

Wh0ai. 
100 

72 

92 

53 

83 

44 

69 

■ 

Rye. 
100 

77 

85 

55 

64 

45 

46 

WhML 
100 

71 

85 

54 

81 

43 

67 

100 
79 
85 
68 
73 
53 
55 
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It  may  be  seen  at  once,  by  reference  to  the  table,  that  the  reduc- 
tions in  the  amount  of  potassium  affected  the  wheat  much  more  seri- 
ously than  the  rye,  especially  when  the  relative  green  weights  are 
considered.  This  indicates  that  the  requirements  for  potassium 
were  greater  with  wheat  than  with  rye.  In  spite  of  this  indication, 
however,  the  addition  of  sodium  to  the  various  amounts  of  potassium, 
which  were  insuflScient  for  the  needs  of  the  plants,  increased  the  rela- 
tive green  weights  of  the  wheat  so  much  more  than  those  of  the  rye 
that  the  former  more  nearly  approached  the  maximum  which  was 
obtained  with  the  full  amount  of  potassium.  In  other  words,  the 
wheat  was  benefited  much  more  than  the  rye  by  the  addition  of 
sodium.  The  percentage  increase  in  green  weight  from  supplement- 
ing 8,  4,  and  2  ppm.  of  potassium  with  sodium  was  20,  50,  and  56, 
respectively,  with  the  wheat,  and  only  8,  7,  and  4  with  the  rye. 

The  comparative  effect  of  sodium  on  barley  and  rye  seedlings  was 
likewise  tested;  and  the  results  of  the  two  experiments  are  embodied 
in  table  V. 
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Table  V. 
Comparative  Effect  of  Sodium  on  Barley  and  Rye  Seedlings. 


Special  ADDinoifB. 


Experiment  I. 
32  ppm.  K.  in  K  CI 

8ppm.  K.  in  Ka 

8  ppm.   K.  in  K  CI,  and 
14  ppm.  Na.  in  Na  CI 

Experiment  II. 
32  ppm.  K.  in  K  CI 

8  ppm.  K.  inKCl 

8  ppm.   K.   in   K  CI,   and 
14  ppm.  Na.  in  Na  CI 


From  Each  Bottlk 


TraDspiration. 

Greene 

Barley. 

Rye. 

BarUy. 

Ill 

131 

4.69 

125 

136 

5.23 

107 

120 

3.75 

106 

127 

3.70 

115 

126 

4.20 

113 

118 

4.15 

136 

155 

5.00 

147 

148 

5.62 

114 

124 

3.25 

117 

136 

3.38 

130 

130 

4.31 

135 

132 

4.22 

Rye. 
4.33 
4.46 

3.24 
3.12 

3.21 
3.33 


4.76 
4.90 

3.21 
3.33 

3.40 
3.35 


Relative. 


Transpiration. 


Barley. 
100 

91 

97 

100 
82 


94 


Green  weight. 


Rye.    I  Bariey. 
100         100 

93  75 


92 


100 


86 


86 


84 


100 


63 


100 
72 
74 

100 
68 


81  7D 


The  relative  depression,  in  both  transpiration  and  green  weight, 
caused  by  reducing  the  amount  of  potassium  from  32  to  8  ppm.  is, 
on  the  whole,  not  very  different  with  the  two  cereals;  but,  as  was 
the  case  with  wheat,  the  barley  responded  to  the  added  sodium  to  a 
much  greater  extent  than  the  rye.  In  the  case  of  the  rye,  in  both 
experiments,  the  relative  transpiration  was  not  increased  by  the 
sodium,  and  the  green  weight  only  3  per  cent. ;  whereas  with  the  barley 
the  green  weight  was  increased  12  and  29  per  cent.,  respectively,  in 
experiments  I  and  II. 

It  is  evident  that  rye  seedlings,  as  compared  with  the  other  seed- 
lings which  have  been  tested,  profit  very  little  from  the  addition  of 
sodium,  even  when  the  potassium  is  very  deficient. 
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Marked  diflferences  in  the  comparative  eflfect  of  sodium  on  different 
crops  have  been  noticed  in  the  field.  It  must  be  borne  in  mind, 
however,  that  in  the  field  the  indirect  effect  of  sodium  cannot  be 
eliminated. 

At  the  Bemburg  Station  in  Germany  a  number  of  experiments* 
which  yielded  much  information  bearing  on  the  sodium  question  were 
carried  out  by  Hellriegel,  Wilfarth,  and  their  co-workers,  in  quartz 
sand,  or  sand  and  peat,  which  had  been  treated  with  acid  in  order 
to  remove  practically  all  of  the  available  potassium.  The  plants 
were  grown  to  maturity.  A  few  of  the  results  are  condensed  in 
table  VI,  and  serve  to  show  that  year  after  year,  with  barley  and 
oats,  an  increase  in  the  crop  resulted  when  a  deficient  amount  of 
potassium  was  supplemented  by  sodium.  It  is  probable  that  cer- 
tain other  crops,  as  the  results  with  buckwheat  and  potatoes  indi- 
cate, may  not  be  benefited  by  sodium. 

In  table  VI  the  results  with  one  crop  should  not  be  compared  with 
those  secured  with  another,  for  the  experiments  were  not  always 
carried  on  under  the  same  conditions.  The  plants  were  supplied 
liberally  with  nitrogen  and  phosphorus,  and  the  crop  which  is  recorded 
as  having  been  produced  with  the  liberal  amount  of  potassium  prob- 
ably approached  the  maximum.  A  comparison  of  these  amounts 
with  those  in  the  next  column  gives  an  idea  of  the  extent  of  the  de- 
ficiency of  potassium.  This  is  important  when  considering  the 
effect  of  an  addition  of  sodium  to  the  deficient  amount  of  potassium. 

Except  for  the  evidence  afforded  by  the  experiments  in  solution 
which  have  been  carried  on  at  the  Rhode  Island  Station,  one  would 
hesitate  to  draw  the  conclusion,  from  the  results  with  sand  and 
peat,  that  the  benefits  resulting  from  the  sodium  were  due  to  a  di- 
rect action,  for  it  might  be  assumed  fairly  that  the  sodium  pre- 
vented some  slight  fixation  of  potassium  by  the  medium  in  which 
the  plants  were  grown,  so  that  slightly  more  was  available  when  the 
sodium  was  present.  Under  conditions  where  the  lack  of  potassium 
was  so  great  it  would  be  expected  that  a  small  increase  in  its  avail- 

*  Arb.  Deut.  Landw.  Geeell.  Hefts  34  and  38. 
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ability  would  materially  influence  the  crop.  As  a  matter  of  fact  the 
total  amount  of  potassium  removed  by  the  plants  was  increased  al- 
most without  exception  when  the  small  application  of  potassium 
was  accompanied  by  sodium;  and  frequently  the  percentage  in- 
crease in  yield  was  not  greater  than  that  in  the  amoimt  of  potassium 
removed. 

Table  VI. 

Effect  of  Sodium  on  Different  Crops  Grown  in  Sand  at  the  Bemburg  Experiment 

Station  in  Germany. 

(Air-dry,  mature,  above-ground  crop,  per  pots,  grams.) 


Kind  of  Crop. 


Barley. 


Oats.. 


Year. 


Peas.. 


{\ 


1892 
1893 
1894 

1892 
1893 
1894 
1895 

1893 
1894 


Lupin 1894 

I 

Buckwheat I   1900 


Potatoes  (tubers). 


I   1899 
;   1900 


I 


Liberal  Deficient 

amount      |      amount 

potassium.       potassium. 


26.461 
21.247 
33.784 

16.545 
21.992 
27.194 
31.324 

22.377 
35.966 

37.423 

27.799 

125.19 
144.40 


9.370 

9.024 

13.954 

9.739 
10.219 
14.958 
14.906 

10.042 
23.767 

27.015 

13.280 

70.40 
52.00 


Deficient 

amount 

potassium 

plus 

aooium. 


16.505 
11.970 
21.423 

15.414 
11.861 
21.105 
22.606 

15.589 
25.813 

32.217 

10.692 

66.85 
47  49 


In  obtaining  the  results  thus  far  presented  concerning  the  eflfect 
of  sodium  in  solution,  we  have  substituted  it  for  approximately 
equivalent  amounts  of  potassium;   and  the  growth  has  been  com- 
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pared  especially  with  that  where  the  small  amount  of  potassium  was 
not  accompanied  by  sodium.  The  results  of  the  two  experiments 
with  barley  and  wheat,  which  are  contained  in  table  VII,  show  the 
effect  of  increasing  the  sodium  beyond  the  amoimt  equivalent  to 
the  potassium  which  it  substituted. 


Table  VII. 

The  Effect  on  Barley  Seedlings  of  Increasing  the  Amount  of  Sodium. 


Special  Additions. 


32ppm.  K.  inKCl 

4ppm.  K.  inKa 

4  ppm.  K.  in  K  CI,  and 
16  ppm.  Na.  in  Na  CI 

4  ppm.  K.  in  K  CI,  and 
32  ppm.  Na.  in  Na  CI 

4  ppm.   K.  in  K  CI,  and 
48  ppm.  Na.  in  Na  CI 


Fhom  Each  Bottle. 


Transpiration. 


Green  weight. 


98 
107 

73 
75 

113 
103 

106 
101 

106 
106 


4.86 
5.28 

2.89 
3.00 

4.63 
4.31 

4.67 
4.60 

4.51 

4.78 


Relative. 


Transpiration. 


Green  weight. 


100 


72 


108 


100 


103 


100 


58 


88 


91 


92 


It  may  be  seen  that  doubling  and  tripling  the  amount  of  sodium 
which  was  equivalent  to  the  replaced  potassium  did  not  increase  the 
growth  of  the  barley  seedlings  to  any  marked  extent. 

A  similar  experiment  with  wheat  seedlings  is  recorded  in  table  VIII. 

In  connection  with  8  ppm.  of  potassium  the  maximum  amount 
of  sodium  appeared  to  increase  the  relative  green  weight  somewhat 
more  than  the  smaller  amounts,  but  this  was  due  to  an  increase  in 
the  weight  from  only  one  of  the  bottles. 
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Table  VIII. 
The  Effect  on  Wheat  Seedlings  of  Increasing  the  Amount  of  Sodium, 


Fbom  Each  Bottle. 

Special  Additions. 

Transpiration. 

Green  weight. 

Transpiration. 

Green  weight. 

32  ppm.  K.  in  K  CI 

98 
102 

71 
69 

100 
95 

97 
96 

98 
99 

71 
67 

86 
83 

92 
83 

89 
90 

4.53 

4.47 

3.02 
2.98 

4.02 
4.15 

3.80 
4.25 

4.18 
4.50 

2.72 
2.60 

3.59 
3.55 

3.81 
3.64 

3.99 
3.84 

100 
70 
98 
96 
99 
69 
85 
87 
89 

100 

8  DDm.  K.  in  K  CI 

67 

8  ppm.  K.  in  KCl, 
14  DDm.  Na.  in  Na  CI . . 

and 

91 

8  ppm.   K.  in  Ka, 
28  DDm.  Na.  in  Na  CI . . 

and 

90 

8  ppm.   K.  in  KCl, 
42  DDm.  Na.  in  NaCl. 

and 

96 

4  ppm.  K.  in  KCl 

59 

4  ppm.  K.  in  KCl, 
16  ppm.  Na.  in  NaCl . 

and 

82 

4  ppm.  K.  in  K  Q, 
32  DDm.  Na.  in  Na  CI . 

and 

82 

4  ppm.  K.   in  K  CI, 
48  ppm.  Na.  inNaQ. 

and 

87 

When  the  sodium  was  added  with  only  4  ppm.  of  potassium,  the 
table  shows  that  there  was  a  slight  increase  in  growth  with  each  in- 
crease in  the  application.  This  was  scarcely  noticeable  in  connection 
with  the  preceding  experiment  with  the  barley. 

The  minimum  amount  of  potassium,  4  ppm.,  when  present  without 
sodium,  in  certain  series  of  the  two  preceding  experiments,  resulted 
in  very  abnormal  plants.    The  roots  were  long,  but  were  branched 
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comparatively  little;  and  the  leaves  were  frequently  tipped  with 
brown,  and  showed  evidences  of  malnutrition.  There  was  imques- 
tionably  a  somewhat  reduced  percentage  of  water  in  these  plants^  so 
that  the  green  weights  are  not  strictly  comparable;  but  it  is  inter- 
esting, nevertheless,  to  notice  the  very  considerable  beneficial  effect 
exerted  by  sodium  under  the  exaggerated  conditions  which  were 
brought  about  in  these  experiments.  It  should  be  stated  that  in 
the  main  portion  of  the  work  which  has  been  reported  previously 
on  the  study  of  the  effect  of  sodium,  the  potassium  had  not  been 
withheld  to  such  an  extent  as  to  cause  serious  injury  to  the  plants 
aside  from  retarding  their  growth.  In  the  present  experiment  the 
addition  of  sodium  to  4  ppm.  of  potassium  resulted  in  the  production 
of  plants  which  were  normal  in  appearance,  having  well-branched 
roots,  and  leaves  of  normal  color.  In  fact  the  growth  was  much 
more  normal  with  4  ppm.  of  potassium  plus  sodium  than  with  twice 
this  amount  of  potassium  without  sodium.  In  a  number  of  similar 
experiments,  recorded  previously,  the  tendency  was  usually  in  the 
same  direction. 

A  comparative  study  of  a  large  number  of  analyses*  of  the  ashes 
of  plants,  grown  at  this  Station  in  connection  with  the  field  experi- 
ment on  the  effect  of  sodium  salts,  brought  out  the  fact  that  the  per- 
centage of  phosphoric  acid  was  usually  increased  when  the  applica- 
tion of  sodium  in  connection  with  a  small  amount  of  potassium  was 
raised  from  a  one-fourth  to  a  full  ration.  The  result  was  more  marked 
in  the  case  of  the  carbonate  than  of  the  chlorid  of  sodium.  The  in- 
crease in  the  application  of  sodium  resulted  in  the  majority  of  cases 
in  a  larger  crop,  and  on  this  account  the  question  was  considered  as 
to  whether  the  beneficial  effect  of  sodium  was  in  some  way  related  to 
the  absorption  or  metabolism  of  phosphorus.  The  attempt  was 
made  to  have  the  field  applications  of  the  phosphate  so  large  that 
there  would  be  no  deficiency  in  any  plat;  and  it  seemed  unreasonable 
to  suppose  that,  especially  with  a  small  amoimt  of  potassium,  there 
was  any  need  by  the  plants  for  the  increased  percentage  of  phosphoric 

♦Ann.  Rpt.  19,  186-316  (1906). 
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acid  which  accompanied  the  increased  applications  of  sodium.  Fur- 
thermore, when  the  amount  of  potassium  was  sufficient,  maximum 
crops  were  produced  in  many  cases  when  the  percentage  of  phos- 
phoric acid  was  less  than  resulted  from  an  increase  in  the  application 
of  sodium.  It  was  thought  probable,  therefore,  that  the  extra  ab- 
sorption of  phosphorus  **was  an  incidental  accompaniment  of  the 
employment  of  sodium  salts  rather  than  the  cause  of  the  increased 
growth  which  resulted."  The  sodium  salts  had  apparently  increased 
the  amount  of  available  phosphorus,  and  the  plants  had  simply  ab- 
sorbed it  somewhat  relatively  to  the  amoimt  present. 

In  the  solution  experiments  all  of  the  phosphorus  was  in  a  soluble 
form,  and  any  effect  which  sodium  might  exert  upon  the  phosphorus 
would  be  in  connection  either  with  the  absorption  or  metabolism  of 
the  latter.  A  few  determinations  of  the  amoimt  of  phosphorus  pen- 
toxid  (phosphoric  acid)  in  the  seedlings  were  made  for  the  purpose 
primarily  of  obtaining  evidence  of  any  connection  which  may  have 
existed  between  the  presence  of  sodium  and  the  removal  of  phos- 
phorus by  the  seedlings.    The  results  are  condensed  in  table  IX. 

The  first  two  series  of  experiment  I  show  that  in  connection  with 
an  optimum  amount  of  potassium,  32  ppm.,  the  average  percentage 
of  phosphorus  pentoxid  in  the  plant  was  1.19  when  4  ppm.  of  phos- 
phorus (P)  were  contained  in  the  solution,  and  2.37  when  the 
amount  of  phosphorus  was  increased  to  15  ppm.  of  solution,  which 
was  the  usual  amount  employed  previously.  The  percentage  of 
phosphorus  pentoxid  in  the  plant  was  doubled,  not  only  without  any 
advantage,  but,  in  this  particular  case,  with  a  slight  disadvantage. 
A  still  greater  depression  of  green  weight  resulted  in  connection 
with  an  increase  in  the  amount  of  phosphorus  in  the  third  series  as 
compared  with  the  fourth. 
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Table  IX. 

Effect  of  Vqrytng  Amounts  of  Nutrients  on  the  Amount  of  Phosphorus  Pentoxid 
Absorbed  by  Wheat  Seedlings. 


Special  Additionb. 


WsiGHT  From  Each  Bottle,  Gramb. 


Green  tops. 


Dry  tops. 


Dry  roots. 


Phosphorus 

pnentoxid 

in  tops 

and  roots. 


Per  cent,  of 
phosphorus 
pentoxid  in 
dry  tops 
and  roots. 


Experiment  I. 
15  ppm.  P,  32  ppm.  K. . . . 

4  ppm.  P,  32  ppm.  K.... 

15  ppm.  P,  4  ppm.  K,  and 

16  ppm.  Na 

4  ppm.  P,  4  ppm.  K,  and 
16  ppm.  Na 

Experiment  II. 
15  ppm.  P,  8  ppm.  K. . . 

15  ppm.  P,  8  ppm.  K,  and 
14  ppm.  Na 

8  ppm.  P,  8  ppm.  K. . . 

8  ppm.  P,  8  ppm.  K,  and 

14  ppm.  Na 

Experiment  III. 

15  ppm.  P,  4  ppm.  K. . . 

15  ppm.  P,  4  ppm.  K,  and 

16  ppm.  Na 

4  ppm.  P,  4  ppm.  K. . . 

4  ppm.  P,  4  ppm.  K,  and 
16  ppm.  Na 

7 


6.86 
6.59 

7.05 
7.60 

4.21 
4.63 


6.28 

3.92 

4.65 

3.70 

4.77 
4.60 


3.01 
2.96 

3.42 

3.78 

3.24 
3.11 

3.68 
3.72 


.833 
.716 

.841 
.903 

.475 
.526 


.917 

.572 

.630 

.531 

.678 
.650 


.368 
.367 

.407 
.435 

.404 
.381 

.427 
.445 


.437 
.352 

.486 
.477' 

.236 
.265 


.421 

.307 

.353 

.273 

.316 
.328 


.201 
.203 

.242 
.253 

.202 
.219 

.255 
.235 


.0274 
.0274 

.0152 
.0168 

.0209 
.0234 


.0191 

.0176 

.0217 

.0166 

.0185 
.0182 


.0166 
.0159 

.0153 
.0179 

.0108 
.0112 

.0115 
.0112 


2.16 
2.57 

1.15 
1.22 

2.94 
2.96 


1.43 

2.00 

2.21 

2  06 

1.88 
1.86 


2.93 
2.77 

2.36 
2.60 

1.78 

1.87 

1.69 
1.65 
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The  effect,  upon  the  absorption  of  phosphorus,  of  the  addition  of 
sodium  to  deficient  amounts  of  potassium  may  be  observed  in  ex- 
periments II  and  III,  likewise  recorded  in  table  IX.  In  experi- 
ment II  more  phosphorus  pentoxid  was  removed  by  the  seedlings 
when  the  sodium  was  present;  the  results,  however,  were  usually  not 
obtained  in  duplicate.  In  experiment  III,  however,  when  no  such 
increase  was  shown,  duplicate  tests  were  made.  Owing  to  the  in- 
creased growth  which  results  from  adding  sodium  to  a  deficient 
amoimt  of  potassium,  the  percentage  of  phosphorus  pentoxid  was 
usually  decreased,  even  when  the  total  amoimt  remained  unchanged. 
It  seemed  likely  that  no  light  on  the  reason  for  the  beneficial  effect 
of  sodium  was  to  result  from  a  further  pursuance  of  this  course;  and 
that  the  increased  absorption  of  phosphorus  which  accompanied 
additions  of  sodium  in  the  field  simply  resulted  from  an  imrequired 
increase  in  the  amount  of  phosphorus  which  was  rendered  available, 
rather  than  to  any  direct  effect  of  sodium  on  the  ability  of  the  plant 
to  absorb  phosphorus.  The  table  contains  numerous  instances  like 
those  in  the  field  in  which  a  smaller  yield  accompanied  a  larger  per- 
centage of  phosphorus  pentoxid.  The  belief  that  the  increase  in  the 
percentage  of  phosphorus  pentoxid  in  the  plant,  which  frequently 
accompanied  extra  applications  of  sodium  in  the  field,  was  not  the 
cause  of  the  increase  in  crop  is  strengthened  by  these  results. 

A  number  of  instances  are  exhibited  in  the  table  in  which  changes 
in  the  nutrient  solution,  involving  only  the  reduction  of  its  content 
of  phosphorus,  have  resulted  in  a  slight  increase  in  )deld  as  well  as  in 
a  reduction  in  the  percentage  of  phosphorus  pentoxid.  Inasmuch 
as  the  addition  of  sodium  likewise  usually  decreased  the  percentage, 
it  might  be  argued  that  sodium  was  useful  in  part  in  preventing  too 
great  a  percentage  accumulation  of  phosphorus  in  seedlings  grown 
in  a  nutrient  solution  containing  an  excess  of  this  element.  That  15 
ppm.  of  phosphorus  is  an  abundance  was  shown  in  the  last  annual 
report  by  the  failure  of  larger  amounts  to  increase  the  growth.  On 
the  contrary  the  growth  was  slightly  depressed  in  some  instances, 
especially  when  deficient  amounts  of  potassium  were  imaccompanied 
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by  sodium.  It  became  necessary,  therefore,  to  ascertain  if  reduc- 
tions in  the  amounts  of  phosphorus  would  have  any  effect  upon  the 
degree  of  benefit  resulting  from  sodium.  A  number  of  tables  follow 
which  contain  the  results  of  this  line  of  work.  Certain  comparisons 
will  be  briefly  made  following  each  table,  but  the  general  discussion 
will  be  postponed  until  all  the  tabulated  results  have  been  presented. 

It  may  be  seen  in  table  X  that  the  reduction  of  nitrogen  (N)  to  21 
ppm.  from  the  usual  amount,  42  ppm.,  resulted  in  a  depression  of 
growth,  except  when  the  alkalies  were  limited  to  only  8  ppm.  of 
potassium  alone.  No  evidence  was  obtained,  therefore,  that  a  re- 
duction in  the  amoimt  of  nitrogen  would  have  been  desirable. 

The  reduction  in  the  amount  of  phosphorus  from  15  ppm.  to  8  ppm. 
depressed  the  growth  slightly  in  connection  with  the  full  amount  of 
potassium;  but  8  ppm.  of  phosphorus  seemed  to  be  suflScient  with 
8  ppm.  of  potassium  alone  or  accompanied  by  sodium. 
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Table  X. 

The  Influence  of  a  Reduction  in  the  Amounte  of  Phoephorue  and  Nitrogen  upon  the 
Effect  of  Sodium  on  Wheat  Seedlinge, 


Special  AoDmoNS. 


Fbom  Each  Bottlb. 


Tnmspiration. 


Green  wtti^t. 


Rklatitb. 


Timnspiratkm.j  Green  weisht. 


I 


32  ppm,  K,  in  K  CI. 

15  ppm.  P,  and  42  ppm.  N 

16  ppm.  P,  and  21  ppm.  N 

8  ppm.  P,  and  42  ppm.  N 

8  pjm.  K.  in  K  CI. 
15  ppm.  P,  and  42  ppm.  N 

15  ppm.  P,  and  21  ppm.  N 

8  ppm.  P,  and  42  ppm.  N 

8  ppm.  K.  in  K  CI,  and   14 
ppm.  Na.  in  Na^O^ 

15  ppm.  P,  and  42  ppm.  N . 

15  ppm.  P,  and  21  ppm.  N 

8  ppm.  P,  and  42  ppm.  N 


246 

6.37 

244 

6.36 

219 

5.40 

203 

4.78 

240 

6.26 

228 

5.98 

166 

3.68 

165 

3.92 

172 

3.93 

172 

3.68 

165 

4.11 

151 

3.70 

202 
196 

186 
190 

197 
185 


4.65 
4.58 

4.02 
4.26 

4.77 
4.60 


100 


97 


68 


70 


64 


81 


77 


78 


100 


80 


96 


60 


61 


72 


65 


74 
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Table  XI. 

The  Influence  of  a  Reduction  in  the  Amount  of  Phosphorus  upon  the  Effect  of 
Sodium  on  Wheat  Seedlings, 


Special  Additions. 


32  ppm.  K.  in  K  CI. 
16  ppm.  P 

4  ppm.  K.  in  K  CI. 
15  ppm.  P 

4  ppm.  P 

2  ppm.  P 

4  ppm.  K.  in  K  CI,  and  16 
ppm.  Na.  in  Na^O^ 

15  ppm.  P 

4  ppm.  P 

2  ppm.  P 


From  Each  Bottle. 


Transpiration. 


186 
188 


92 


104 
109 

113 
113 


118 
126 

126 
136 

134 
135 


Gre^i  weight. 


5.53 
5.63 


3.01 
?.96 

3.24 
3.11 

3.40 
3.34 


3.42 
3.78 

3.68 
3.72 

3.60 
3.92 


Relativb. 


Transpiration. 


100 


51 


57 


60 


65 


70 


72 


Green  weight. 


loa 


54 


57 


60 


65. 


66- 


67 


In  table  XI  it  may  be  seen  that,  with  4  ppm.  of  potassium  alone ^ 
better  results  were  obtained  when  the  phosphorus  was  reduced  even 
to  only  2  ppm.  The  relative  transpiration  was  increased  from  51 
to  60  and  the  relative  green  weight  from  54  to  60.  Likewise  when  4 
ppm.  of  potassium  were  supplemented  by  sodium  in  sodium  sulfate 
(Na2S04)  there  was  an  increase  accompanying  the  reduction  of 
phosphorus,  although  it  was  less  in  amount.      The  growth  of  the 
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plant  was  depressed  so  seriously  by  limiting  it  to  4  ppm.  of  potas- 
sium that  even  2  ppm.  of  phosphorus  was  sufficient.  The  increase 
in  green  weight  due  to  the  addition  of  sodium  to  4  ppm.  of  potassium 
was  20  per  cent,  with  15  ppm.  of  phosphorus,  16  per  cent  with  4  ppm., 
and  12  per  cent,  with  2  ppm.,  a  uniform  decrease  in  the  effect  of  so- 
dium with  decreasing  amounts  of  phosphorus. 

Table  XII. 

The  Influence  of  a  Reduction  in  the  Amount  of  Phosphorus  upon  the  Effect  of 
Sodium  on  Wheat  Seedlings. 


Special  Additionb. 


64  ppm.  K.  in  K  CI. 
32  ppm.  P 


8  ppm.  P. 


2  ppm.  P. 


8  ppm.  K.  in  K  CI. 
32  ppm.  P 


8  ppm.  P. 


2  ppm.  P. 


Fboh  Each  Bottle. 


Tnuupiration. 


8  ppm.  K.  in  K  CI,  and  39 
ppm.  Na.  in  NaCl. 

32  ppm.  P 


8  ppm.  P. 
2  ppm.  P. 


170 
161 

153 
164 

166 
152 


118 
123 

122 
131 

123 
119 


148 
131 

151 
145 

151 
140 


Grooi  weii^t. 


7.93 
7.39 

7.95 
7.52 

6.79 
6.52 


4.11 
3.93 

4.57 
4.60 

4.11 
4.12 


5.30 
5.04 

5.58 
5.19 

4.85 
4.46 


Relative. 


Tranapiration. 


100 


96 


96 


73 


76 


73 


84 


90 


88 


Green  weight. 


100 


101 


87 


52 


60 


54 


67 


70 


61 


Digitized  by  VjOOQIC 


Sodium  as  a  Partial  Substitute  for  Potassium.       261 

In  order  to  secure  a  still  greater  range  in  the  amount  of  phosphorus 
about  twice  the  usual  amount  of  solids  was  used  in  the  experiment 
which  is  recorded  in  table  XII,  resulting  in  64  ppm.  of  potassium 
and  32  ppm.  of  phosphorus  as  the  maximum  amounts  in  solution. 
With  even  the  largest  amount  of  potassium,  8  ppm.  of  phosphorus 
seemed  to  be  enough,  whereas  a  reduction  to  2  ppm.  depres^d  the 
green  weight  13  per  cent.  In  connection  with  8  ppm.  of  potassium 
without  sodium,  8  ppm.  of  phosphorus  gave  the  largest  growth,  and 
only  2  ppm.  produced  as  much  as  32  ppm.  When  the  sodium  was 
present,  however,  the  green  weight  indicated  that  2  ppm,  of  phos- 
phorus were  insuflScient.  The  gain  from  the  addition  of  sodium 
again  decreased  with  the  decreasing  amount  of  phosphorus,  amount- 
ing in  this  experiment  to  29, 17,  and  11  per  cent.,  respectively. 

The  results  whichare  given  in  the  next  table,  XIII,  afford  a  strict 
comparison  of  the  growth  with  the  chlorids  of  potassium  and  sodium 
and  that  with  the  carbonates.  The-  plants  were  grown  at  the  same 
time,  and  under  the  same  conditions.  The  relative  transpiration 
and  green  weight  are  each  based  upon  100,  which  represents  the 
data  secured  with  32  ppm.  of  potassium  in  chlorid  and  15  ppm.  of 
phosphorus. 

With  32  ppm.  of  potassium  and  15  ppm.  of  phosphorus,  the  car- 
bonate produced  less  than  the  chlorid,  but  this  was  not  the  case 
when  only  4  ppm.  of  phosphorus  were  present.  With  8  ppm.  of  po- 
tassium, the  chlorids  produced  a  better  growth  than  the  carbonates 
in  the  case  of  both  15  ppm.  and  4  ppm.  of  phosphorus.  When  the  so- 
dium was  present,  however,  the  growth  with  the  chlorids  and  car- 
bonates was  about  alike  with  15  ppm.  of  phosphorus;  but  with  4 
ppm.  of  phosphorus  the  growth  was  considerably  better  in  the  case 
of  the  carbonate. 
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Table  XIII. 

The  Influence  of  a  Reduction  in  the  Amount  of  Phosphorus  upon  the  Effect  of 
Sodium  on  Wheat  Seedlings. 


From  Each  Bottle. 


Special  Additions. 


Transpiration. 


Chlorid. 


Car- 
bonate. 


Green  weight. 


Chlorid. 


Car- 
bonate. 


Relative. 


Transpiration. 


Chlorid. 


Car- 
bonate. 


Green  woght. 


^^o"^  !  bonatc. 


32  ppm,  K.  I 

l^PP"^-^ I     300 

A  P  310 

^PP"^-^ I     310 

8  ppm.  K. 
15  ppm.  P 


8  ppm.  P. 
4  ppm.  P. 
2  ppm.  P. 


8   ppm,    Kf   and    14 
ppm.  Na. 

15  ppm.  P 


227 
208 


195 
198 

214 
212 

229 
220 


246 
237 


226 
«PP™-P 255 

T>  I     249 

^PP"^-P I     240 

«            T,  i     265 

2PP°^P I     258 


292 
279 

305 
326 


185 
190 


201 
210 


252 
242 


271 
279 


7.10 
7.10 

6.82 
6.92 


4.75 
4.55 

4.72 
4.76 

5.14 
5.18 

5.20 

4.78 


5.54 
5.07 

5.49 
5.60 

5.50 
5.72 

5.09 
4.98 


6.42 
6.43 

6.80 
7.26 


3.97 
4.28 


4.95 
4.42 


5.26 
5.22 


5.87 
6.12 


.100 


102 


71 


64 


70 


74 


79 


79 


80 


"»       86 


94 


104 


62 


67 


81 


90 


100 


91 


97 

99 

66 

58 

67 

73 

66 

70 

75 

74 

78 

79 

84 

71 
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A  reduction  in  the  amount  of  phosphorus  from  15  to  4  ppm. 
seemed  to  be  especially  advantageous  with  the  carbonates;  and,  in 
order  to  ascertain  if  this  observation  would  be  repeated,  two  more 
similar  experiments  were  conducted,  the  results  of  which  are  pre- 
sented in  table  XIV. 

Table  XIV. 

T?ie  Influence  of  a  Reduction  in  the  Amount  of  Phosphorus  upon  the  Effect  of  Sodium  on 

Wheat  Seedlings. 


Fbom  Each  Bottle. 

Relative. 

Special  Additions. 

Transpiration. 

Green 

weight. 

Transpiration. 

Green  weight. 

15  ppm.  P. 

Expt  I. 
208 

ExpUI. 
137 

Expt.  I. 
5.02 

ExpUI. 
4.72 

Expt.  I. 

Expt.II. 

Expt.  I. 

Expt.IL 

32  ppm.  K.  in  KsCOs 

188 
174 

153 
100 

4.70 
4.24 

4.83 
3.13 

100 

100 

100 

100 

8  ppm.  K.  inKjCOg 

172 

106 

3.72 

3.48 

87 

70 

82 

69 

8  ppm.  K.  in  K,CO,,  and 

201 

116 

4.66 

3.92 

96 

80 

92 

81 

^   14  ppm.  Na.  in  NajCOa 

181 

119 

4.28 

3.78 

4  ppm.  P. 

188 

150 

4.25 

4.21 

32  ppm.  K.  in  KgCOa 

182 
148 

153 
114 

4.32 
3.83 

4.69 
3  57 

93 

104 

88 

94 

8  ppm.  K.  inKjCOg 

138 

120 

3.54 

3.41 

72 

81 

72 

73 

8  ppm.  K.  in  K2CO3,  and 

181 

125 

4.03 

3.91 

88 

87 

82 

82 

14  ppm.  Na.  in  Na^COs 

168 

126 

3.96 

3.94 

With  the  amoimts  of.  potassium  carbonate  (KgCOg)  and  sodium 
carbonate  (NagCOg)  stated  in  this  table,  there  seems  to  be  no  especial 
advantage^  on  the  whole,  in  reducing  the  amount  of  phosphorus  to 
4  ppm.  Perhaps  such  would  not  have  been  the  case  had  the  amount 
of  potassium  also  been  reduced  to  4  ppm.,  as  in  a  number  of  pre- 
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ceding  instances.  It  should  be  recalled,  however,  that  4  ppm.  of 
potassium  is  insufficient  to  keep  the  seedlings  in  a  healthy  condition 
when  other  circumstances  would  tend  to  promote  rapid  growth;  and 
the  tips  of  the  leaves  frequently  turn  brown. 

The  work  thus  far  recorded  concerning  the  beneficial  action  of 
sodium  has  been  conducted  with  mono-calcium  phosphate  as  the 
source  of  phosphorus,  and  a  small  amount  of  ferric  nitrate  to  furnish 
the  iron.  A  few  results  are  now  given  in  table  XV,  which  also  in- 
cludes some  secured  with  ferric,  and  tri-calcium  phosphates. 

The  ferric  and  tri-calcium  phosphates  were  the  dry  so-called  c.  p. 
salts,  and  an  excess  of  each  was  added  in  suspension.  The  com- 
bined ferric  and  tri-calcium  phosphates  appeared  to  furnish  practi- 
cally enough  phosphorus  when  only  4  ppm.  of  potassium  were  pres- 
ent. There  was  a  beneficial  effect  of  sodium  regardless  of  the  form 
and  amount  of  phosphorus,  as  may  be  noted  also  in  tables  XVI 
and  XVII,  which  show  that  the  ferric  phosphate,  when  used  alone, 
did  not  furnish  sufficient  available  phosphorus  for  any  of  the  series. 
The  sodium  again  appeared  to  be  beneficial  regardless  of  whether 
phosphorus  and  iron  were  furnished  in  easily  soluble  salts  or  by 
comparatively  insoluble  compounds  in  suspension. 

In  the  experiments  which  demonstrated  that  sodium  was  bene- 
ficial to  certain  seedlings  when  the  amoimt  of  potassium  was  some- 
what deficient,  it  was  always  necessary  to  be  assured  that  a  defi- 
ciency of  potassium  existed.  This  was  done  by  comprising  one  series 
in  the  experiments,  in  which  all  of  the  nutrients,  including  potassium, 
were  present  in  optimum  amounts.  It  was  determined  experiment- 
ally that  about  32  ppm.  of  potassium  were  usually  sufficient  to  pro- 
duce maximum  growth  under  the  conditions  of  the  experiments.  To 
the  series  which  were  expected  to  be  markedly  deficient  in  potassium 
only  a  fourth  or  an  eighth  of  this  amount  was  usually  added.  It  was 
recognized  at  the  outset  that  the  very  considerable  depression  in  the 
growth  of  the  seedlings,  usually  amounting  to  from  30  to  40  per  cent., 
which  accompanied  the  reduction  of  potassium  might  not  be  entirely 
due  to  the  lack  of  this  element,  but  possibly  in  part  to  a  disturbance 
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Table  XV. 

The  Influence  of  PhosphoruSy  in  Different  Amounts  and  CompoundSy  upon  the 
Effect  of  Sodium  on  Wheat  Seedlings. 


From  Each  Bottle. 

Relative. 

Special  Additions. 

Transpiration. 

Green  weight. 

Transpiration. 

Ferric  and  tri-caldum  phos- 
phates. 

32ppm.  K.  inKCl 

4  ppm.  K.  in  K  CI 

4  ppm.  K.  in  KCl,  and 
16  ppm.  Na.  inNaCl 

15  ppm.  P.  in  mono-calcium 

phosphate. 

4  ppm.  K.  inKCl 

4  ppm.  K.  in  K  CI,  and 
32  ppm.  Na.  in  Na  CI 

4  ppm.  K.  in  KCl,  and 
48  ppm.  Na.  in  Na  CI 

30  ppm.  P.  in  mono-caldum 
phosphate, 

4  ppm.  K.  in  K  CI 

4  ppm.  K.  in  KCl,  and 

16  ppm.  Na.  inNaCl 

130 
144 

89 
70 

119 
103 

90 

87 

131 
134 

131 

124 

93 

78 

109 
121 

4.76 
5.47 

2.91 
2.63 

4.08 
3.60 

2.84 
2.63 

4.28 
4.42 

4.38 
4.36 

2.61 
2.60 

3.71 
4.05 

100 
58 
81 

64 

96 

• 
93 

62 
84 

100 
54 
75 

54 
85 
85 

51 
76 

in  the  balance  of  the  nutrient  solution  due  to  the  reduction  in  the 
amount  of  potassium  without  a  corresponding  lessening  of  the  other 
nutrients.  If  such  were  the  case,  the  beneficial  effects  of  sodium 
when  accompanying  deficient  amounts  of  potassium  might  be  due 
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to  overcoming  a  detrimental  action  of  some  constituent  of  the  solu- 
tion; or,  in  other  words,  to  an  improvement  in  the  balance  of  the 
solution. 

Table  XVI. 

The  Influence  of  Phosphorus^  in  Different  Amounts  and  Compoundt,  upon  the 
Effect  of  Sodium  on  Wheat  Seedlings. 


From  Each  Bottle, 

Relative. 

Special  Additions. 

Transpiration. 

Green  weight. 

Transpiiation. 

Qreen  weight. 

Ferric  phosphate. 
32  ppm.  K.  in  K  CI 

4ppm.  K.  inKCl 

4  ppm.  K.  in  KCl,  and 
16  ppm.  Na.  inNaCl 

Ferric  and  tri-calcium  phos- 
phate. 

32  ppm.  K.  inKCl..    * 

4ppm.K.  inKCl 

4  ppm.  K.  in  KCl,  and 
16  ppm.  Na.  in  Na  CI 

Mono-calcium  phosphate. 
32  ppm.  K.  in  K  CI 

^  ppm.  K.  in  KCl 

4  ppm.  K.  in  KCl,  and 
16  ppm.  Na.  in  Na  a 

141 
134 

113 
102 

119 
121 

158 
159 

89 
98 

137 
122 

148 
148 

112 
103 

113 
117 

4.11 
3.98 

3.23 
3.11 

3.53 
3.63 

4.79 
4.56 

3.17 
3.49 

4.16 
3.66 

4.76 
4.85 

3.66 
3.51 

3.45 

3.88 

100 

78 
88 

116 

68 

94 

1 
108 

78 

84 

100 

78 
88 

116 
82 
97 

116 
89 
91 
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Table  XVII. 

The  Influence  of  Phosphorus^  in  Different    Amounts  and  Compounds^  upon  the 
Effect  of  Sodium  on  Wheat  Seedlings. 


From  Each  Bottle. 

Relative. 

Special  Additions. 

Transpiration. 

Green  weight. 

Transpiration. 

Green  weight. 

Ferric  phosphate. 

32ppm.  K.  inKCl 

101 
95 

4.38 
4.43 

100 

100 

8ppm.  K.  in  KCl 

86 
89 

3.40 
3.74 

90 

81 

8  ppm.  K.  in  KCl,  and 

78 

3.78 

84 

85 

14  ppm.  Na.  in  Na  CI 

87 

3.63 

Ferric  and  tri-calcium  phos- 

phate. 

32ppm.  KinKa 

94 
96 

4.68 
4.46 

97 

104 

8  ppm.  K.  inKCl 

77 
77 

4.17 
4.11 

79 

94 

8  ppm.  K.  in  KCl,  and 

99 

4.55 

100 

99 

14  ppm.  Na.  in  Na  CI 

97 

4.21 

These  considerations  led  to  the  avoidance,  in  so  far  as  practicable^ 
of  the  use  of  a  solution  containing  much  excess  of  the  principal  nu- 
trients over  what  was  required  for  the  production  of  normal  growth* 
and  to  a  quite  thorough  study  of  the  effect  of  sodium  with  many 
modifications  of  the  nutrient  solution. 

It  was  shown  in  the  last  annual  report  that  an  increase  in  the 
amount  of  phosphorus  from  15  to  30  ppm.,  when  the  potassium  was 
somewhat  deficient,  was  inclined  to  slightly  depress  the  growth;  and 
some  of  the  experiments  which  have  immediately  preceded  have  in- 
dicated a  slight  possible  increase  in  growth  when  the  small  amount 
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of  potassium,  without  sodium,  was  accompanied  by  a  reduction  in 
the  amount  of  phosphorus  in  mono-calcium  phosphate  to  less  than 
15  ppm.  In  fact,  under  these  conditions,  very  little  phosphonis 
seems  to  be  required  for  the  somewhat  limited  production.  It  has 
been  reduced  to  as  little  as  2  ppm.  without  causing  a  depression  of 
growth,  but  it  has  been  seen  that  sufficient  phosphorus  was  not  se- 
cured when  ferric  phosphate  was  the  source. 

When  sodium  was  present  with  the  deficient  amount  of  potassium, 
however,  it  would  scarcely  have  been  said  that  a  reduction  in  the 
amount  of  phosphorus  resulted  in  any  increase  in  green  weight;  and 
when  the  extreme  reduction  in  phosphorus  was  made  there  was, 
instead,  a  depression  of  growth,  so  that  not  infrequently  the  green 
weight  was  no  greater  when  sodium  was  present  than  when  absent. 

This  apparent  tendency^  shown  in  some  of  the  early  experiments, 
for  a  slight  increase  in  growth  to  accompany  a  reduction  in  the 
amount  of  mono-calcium  phosphate,  when  added  with  a  deficient 
amount  of  potassium  without  sodium,  indicated  that  possibly  even 
small  amounts  of  mono-calcium  phosphate  were  somewhat  toxic  when 
unaccompanied  by  the  optimum  amount  of  potassium.  When  it  waa 
noted  that  sodium  frequently  failed  to  cause  any  increase  in  growth, 
provided  the  amount  of  mono-calcium  phosphate  was  reduced  suffi- 
ciently low,  it  seemed  possible  that  some  of  the  beneficial  e£Fect8  of 
sodium  which  had  been  noted  might  be  due  to  its  counteracting  a 
possible  toxicity  exerted  by  mono-calcium  phosphate  when  only 
small  amounts  of  potassium  were  present.  This  explains  why  so 
many  experiments  have  been  conducted  with  varying  amounts  and 
kinds  of  phosphates.  As  a  result  of  these  experiments  it  appears 
that  no  constant  increase  in  growth  does  accompany  the  reduction 
of  phosphorus  within  the  narrow  limits  t6  which  most  of  the  experi- 
ments were  confined;  and  that  the  apparent  increases,  which  made 
further  work  seem  necessary,  were  usually  too  small  to  be  considered 
as  outside  of  the  limit  of  error.  The  failure  of  sodium  to  act  bene- 
ficially when  the  phosphorus  was  reduced  to  very  low  limits  was 
without  doubt  because  the  amount  of  phosphorus  was  so  small  that 
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its  lack  became  the  factor  preventing  the  further  growth  which  so- 
dium was  able  to  cause  when  sufficient  amounts  of  phosphorus  were 
present. 

It  had  been  noticed  sometimes  that  a  reduction  in  the  amount  of 
potassium  caused  a  somewhat  chlorotic  condition  of  the  seedlings, 
and  that  the  extent  of  this  appearance  was  influenced  frequently  by 
certain  of  the  nutrients  associated  with  the  deficient  potassium.  An 
Amount  of  phosphorus,  for  example,  which  was  considerably  greater 
than  that  required  to  balance  the  small  amount  of  potassium,  at 
times  increased  the  chlorosis.  On  the  other  hand,  the  addition  of 
sodium  to  deficient  amounts  of  potassium  was  apt  to  result  in  a  better 
color.  • 

In  order  to  exaggerate  those  conditions  which  had  frequently  been 
accompanied  by  chlorosis,  and  to  ascertain  if  doubling  the  amount 
of  iron  (Fe)  would  improve  the  plants,  the  experiment  outlined  in 
table  XVIII  was  conducted. 

This  table  shows  that  in  connection  with  32  ppm.  of  potassium  it 
seemed  to  be  immaterial  whether  45  or  15  ppm.  of  phosphorus  were 
used;  a  depression  to  4  ppm.,  however,  resulted  in  a  reduction  of 
green  weight,  although  this  was  not  so  when  only  16  ppm.  of  po- 
tassium were^  present. 

With  only  8  ppm.  of  potassium,  the  plants  showed  signs  of  mal- 
nutrition. The  amount  of  phosphorus  was  so  large  that  conditions 
favorable  to  chlorosis  existed,  according  to  our  experience.  The 
leaves  were  in  fact  of  a  much  lighter  green  color,  but  were  not  so 
chlorotic  as  had  been  observed  at  other  times.  In  no  case  was  any 
advantage  derived  from  an  increase  in  the  amount  of  iron. 

The  greatest  tendency  towards  chlorosis  had  been  when  the  de- 
ficient amount  of  potassium  was  in  carbonate;  accordingly  the  effects 
of  different  amounts  of  iron  with  this  salt  are  next  shown,  in  table 
XIX. 

The  amount  of  iron  which  has  been  used  in  most  of  the  experi- 
ments was  equal  to  2.7  parts  hydrous  ferric  nitrate  per  million  of 
solution,  and  it  may  be  seen  by  table  XVIII  that  no  advantage  was 
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Table  XVIII. 

The  Growth  of  Wheat  Seedlings  under  Certain  Conditions  Tending  to  Promote 

Chlorosis. 


Fbom  Each  Boitle. 

Reultivk. 

Special  Additions. 

Trans- 
piration. 

Green 
weight. 

Trans- 
piration. 

Green 
weicJit. 

32  ppm.  K.  in  K  CI. 

16  DDm.  P 

226 
212 

6.18 
5.57 

100 

100 

16  ppm.  P,  and  6  cc.  xi  Na  OH. 

242 

239 

• 

5.95 
6.07 

110 

102 

1 

15  ppm.  P,  and  5  cc.  ^  Na  OH, 
and  extra  Fe 

235 
224 

215 
223 

5.92 
6.71 

5.66 
6.66 

104 
100 

98 

45  ppm.  P 

97 

4  ppm.  P 

212 
211 

4.88 
4.98 

97 

83 

4  ppm.  P,  one-eighth  N 

101 
109 

2.66 
3.15 

48 

49 

4  ppm.  P,   one-eighth   N,  and 
extra  Fe 

108 
105 

2.73 
2.90 

49 

47 

16  ppm.  K.  in  K  CI. 

45  ppm.  P 

186 
166 

5.07 
4.65 

80 

83 

4  Dom.  P 

198 
185 

4.89 
4.94 

88 

84 

4  ppm.  P,  and  extra  Fe 

185 
181 

5.07 
4.80 

84 

84 

8  ppm.  K.  in  K  CI. 

45  ppm.  P 

169 
153 

4.49 
3.86 

74 

71 

45  ppm.  P,  and  extra  Fe 

185 
153 

4.44 
3.94 

77 

71 
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Table  XIX. 
The  Effect  of  Different  Amounts  of  Iron  on  the  Growth  and  Color  of  Wheat  Seedlings, 


RBLATfYB. 

Special  Additions. 

Tnuispiration. 

Green  weight. 

Transpiration. 

Green  weight. 

Experiment  I, 

8  ppm.  K.  in  K^  COf^ 

1.5    ppm.    ferric    mtrate, 
hydrous 

159 
167 

3.20 
3.30 

100 

100 

2.2    ppm.    ferric    nitrate, 
hydrous 

199 
184 

4.00 
3.70 

117 

118 

4.5    ppm.    ferric     nitrate, 
hydrous 

196 
199 

3.80 
3.97 

121 

120 

8  ppm,  K.  in  K.  CO^ 

0.7    ppm.    ferric    nitrate, 
hydrous 

121 
110 

3.57 
3.84 

100 

100 

2.7    ppm.    ferric    nitrate, 
hydrous 

109 
112 

3.30 
3.80 

96 

96 

5.4     ppm.    ferric    nitrate, 
hydrous 

123 
103 

3.86 
3.46 

97 

99 

secured  by  a  larger  amount.  In  experiment  I,  of  table  XIX,  how- 
ever, a  reduction  to  1.5  ppm.  resulted  in  a  depression  of  both  trans- 
piration and  green  weight.  Other  observations  also  have  led  us  to 
think  that  in  the  experiments  with  potassium  and  sodium  carbonates 
it  would  have  been  undesirable  at  times  to  have  used  less  iron  than 
was  ordinarily  employed.  In  the  two  experiments  under  consid- 
eration the  chlorosis  was  not  so  marked  as  had  been  noticed  at  other 
times  with  only  8  ppm.  of  potassium;  and  it  is  possible  that  under 
some  conditions  a  larger  amount  of  iron  than  had  been  used  ordi- 
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narily  would  have  decreased  the  chlorosis  somewhat  with  carbonates, 
although  it  appears  now  as  if  it  must  have  been  due  primarily  to  the 
unfavorable  amounts  of  other  nutrients  than  iron. 

The  nutrient  solution  which  has  been  ordinarily  used  in  our  study 
of  the  effect  of  sodium  contained  70  ppm.  of  calcium  in  calcium 
nitrate  and  mono-calcium  phosphate,  and  '.  i 

magnesium  sulfate,  making  the  proportion  i 

as  3.7  to  1.    Certain  authorities  have  claimi  t^ 

1  to  1  is  the  most  favorable,  as  a  rule,  for  f 

adding  a  larger  proportion  of  magnesium  wj 
in  the  work,  the  results  having  been  record 
port.  The  amount  of  magnesium  was  inci 
so  that  it  was  slightly  greater  than  that  of  c 
any  uniform  improvement  in  the  growth.  F 
tests  were  made  between  the  nutrient  solut 
in  most  of  the  work  and  a  quite  different  o 
and  magnesium  were  equal  in  amount,  with< 
difference.    It  appears  as  if  quite  a  consic 

over  magnesium  results  in  no  detriment  in  experiments  conducted 
as  here  described. 

In  table  XX  the  result  of  replacing  the  calcium  nitrate,  Ca(N03)2, 
by  magnesium  nitrate,  Mg(N0)2,  may  be  seen*  This  substitution 
resulted  in  a  much  greater  excess  of  magnesium  over  calcium  than 
we  had  heretofore  brought  about,  and  it  was  desired  to  ascertain  the 
effect  of  sodium  under  such  conditions. 

Some  very  interesting  comparisons  of  the  effects  with  the  two 
nitrates  may  be  made  from  the  results  which  appear  in  the  table. 
In  a  general  way  the  relative  transpiration  and  the  dry  weight  of 
roots  are  usually  quite  similar,  whereas  the  relative  weight  of  tops 
exhibits  some  very  decided  differences  from  the  two  other  criteria 
of  growth.  In  comparing  the  effect  on  transpiration  with  that  on 
green  weight,  it  may  be  seen  that  according  to  transpiration  the 
maximum  growth  was  43  per  cent,  greater  with  calcium  nitrate 
than  with  magnesium  nitrate,  whereas  the  dry  weight  of  tops  was 
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even  slightly  less.  The  same  tendency  is  exhibited  in  all  of  the 
series;  the  transpiration  being  relatively  much  greater  with  the  cal- 
cium nitrate,  while  as  a  rule  there  was  not  much  difference  in  the 
weight  of  tops. 

Table  XX.    (See  figures  1  and  2.) 

The  Effect  of  Sodium  on  Wheal  Seedlings  when  used  with  Varums  Ratios  of  Calcium 

to  Magnesium, 


SPEdAii  Additions. 


From  Each  Bottle. 


Trans- 
piration. 


Dry 
weight 
of  tops. 


Dry 
weignt 
of  roots. 


Relative. 


Trans- 
piration. 


Dry 
weignt 
of  tope. 


Dry 
weignt 
of  roots. 


42  ppm,  N,  in  Mg{NOs)i 
32  ppm.  K.  in  K  CI 

8  ppm.  K.  inKCl 

8  ppm.   K.   in  KCl,  and 
14  ppm.  Na.  in  Na  CI 

8   ppm.   K.   in   K  CI,   and 
12  ppm.  Ca.  in  Ca  CI2 

42  ppm.  N,  in  Ca{NOsh 
32  ppm.  K.  in  K  CI 

8  ppm.  K.  inKCl 

8  ppm.  K.  in  KCl,  and 
14  ppm  Na.  in  Na  CI 

8  ppm.  K.  in  KCl,  and 
12  ppm.  Ca.  in  Ca  Cl^ 


159 
164 

94 
80 

148 
160 

144 
140 


231 
230 

144 
150 

223 
212 

162 
156 


.750 
.853 

.676 
.602 

.800 
.753 

.593 

.564 


.740 
.745 

.556 
.580 

.699 
.640 

.599 

.578 


.256 
.303 

.173 
.175 

.186 
.200 

.260 
.255 


.460 
.424 

.280 
.295 

.400 
.350 

.285 
.315 


100 


54 


92 


88 


143 


91 


135 


95 


100 


73 


97 


72 


93 


71 


84 


73 


100 


62 


69 


92 


158 


103 


134 


107 
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It  was  proven,  as  shown  in  the  last  annual  report,  that  an  additional 
amount  of  calcium  could  not  at  all  overcome  a  partial  deficiency  of 
potassium,  although  sodium  could  to  a  considerable  extent.  This 
is  shown  once  more  in  the  present  instance  by  the  series  in  which  the 
customary  source  of  nitrogen,  calcium  nitrate,  was  used.  When  this 
was  substituted  by  magnesium  nitrate,  however,  the  excess  of  mag- 
nesium was  so  great  that  the  addition  of  calcium  chlorid  (CaCl2) 
materially  increased  the  transpiration  and  root  growth,  although  the 
weight  of  tops  in  this  case  was  not  increased.  In  those  series  con- 
taining a  large  excess  of  magnesium  the  main  roots  were  shorter  and 
the  number  and  extent  of  the  lateral  branches  were  very  much  re- 
duced as  compared  with  the  series  where  there  was  a  larger  propor- 
tion of  calcium.  The  accompanying  illustrations  (figures  1  and  2, 
opposite  page  278)  give  an  idea  of  the  difference  in  root  development. 

To  substantiate  the  somewhat  remarkable  results  outlined  in  table 
XX,  two  other  similar  experiments  were  conducted,  which  were  ex- 
tended, however,  in  order  to  ascertain  the  effect  of  adding  a  small 
amount  of  sodium  hydroxid  to  the  magnesium-nitrate  series  in  \dew 
of  magnesium  being  less  basic  than  calcium.  The  results  are  com- 
prised in  table  XXI.  It  will  be  observed  that  the  two  nitrates 
affected  the  seedlings  in  much  the  same  way  as  was  shown  before. 
Concerning  the  effect  of  the  sodium  hydroxid  in  connection  with 
magnesium  nitrate,  it  may  be  seen  that  there  was  very  little  in- 
fluence when  the  full  amount  of  potassium  was  present.  As  might 
be  expected,  in  view  of  the  ability  of  sodium  to  supplement  advan- 
tageously a  deficient  amount  of  potassium,  the  reduction  in  the  po- 
tassium to  8  ppm«  resulted  in  a  smaller  depression  in  both  transpu*a- 
tion  and  green  weight  in  case  of  the  series  to  which  sodium  hydroxid 
had  been  added.  Likewise  the  addition  of  sodium  in  sodium  chlorid 
could  not  have  been  expected  to  have  increased  the  growth  to  such 
an  extent  in  the  magnesium-nitrate  series  to  which  sodium  hydroxid 
had  been  added  as  in  those  to  which  it  had  not.  The  numbers  repre- 
senting the  relative  transpiration  and  green  weight  were  larger  when 
sodium  hydroxid  was  present  with  8  ppm.  of  potassium  supplemented 
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by  calcium  chlorid  than  when  it  was  absent.  This  may  be  attrib- 
uted to  the  beneficial  eCFect  of  the  sodium  itself.  The  relative  green 
weights,  especially,  were  larger  than  in  the  similar  series  containing . 
calcium  nitrate,  and  probably  for  the  same  reason.  It  can  scarcely 
be  claimed  that  there  was  any  advantage  derived  from  the  alkalinity 
of  the  sodium  hydroxid  either  upon  the  root  development  or  other- 
wise. 

Table  XXI. 

The  Effect  of  Sodium  on  Wheat  Seedlings  when  used  with  Various  Ratios  of  Calcium  to 

Magnesium, 


Special  Additions. 

From  Each  Bottle. 

Relative. 

Transpiration. 

Green  weight. 

Transpiration. 

Green  weight. 

42  ppm,  N.  in  MgiNOg) 
32  DDm.  K.  in  K  CI . . . . 

2 

Expt.  I. 

143 
133 

85 
96 

117 
135 

118 
118 

147 
141 

105 
104 

96 
106 

ExpUI. 

209 
174 

119 
100 

125 
150 

165 
180 

174 
207 

130 
137 

140 
141 

Expl.  I. 

5.83 
5.30 

3.57 
3.72 

4.30 

4.77 

4.02 
3.95 

6.21 
5.42 

4.11 
3.99 

3.94 
4.00 

ExpUI. 

6.82 
5.72 

3.96 
3.51 

4.24 
4.71 

4.42 
4.50 

5.67 
5.93 

4.29 
4.13 

4.45 
4.57 

Expt.  I. 
100 

65 

91 

86 

105 
76 
73 

ExpUI. 

100 
57 
72 
90 

99 
70 

74 

Expt,  I. 
100 

65 

82 

72 

104 
74 
71 

Ezpt.II, 
100 

8  ppm.  K.  in  K  CI 

60 

8  ppm.  K.  in  KCl, 
14  ppm.  Na.  in  Na  CI. . 

and 

71 

8  ppm.  K.  in  KCl, 
12  Dpm.  Ca.  in  Ca  Clo. . 

and 

71 

42  ppm.  N,  in  Mg{NO^\, 
made    alkaline,    ^jf^  by 
sodium  hydroxid, 

32  Dpm.  K.  in  K  CI 

93 

8  ppm.  K.  in  K  CI. . . 

67 

*8  ppm.  K.  in  KCl, 
14ppm.  Na.  inNaCl.. 

and 

72 
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Tablb  XXI.— Concluded. 

The  Effect  of  Sodium  on  Wheat  Seedlings  when  ueed  with  Varume  RaJtioe  of  Caldum  to 

Magneeitan. 


Special  Additions. 


8  ppm.  K.  in  KCl,  and 
ppm.  Ca.  in  Ca  CI, 

42  ppm.  N.  in  Ca{NOs\ 
32  ppm.KinKa 

8  ppm.  K.  inKa 

8  ppm.  K.  in  KCl,  and 
14  ppm.  Na.  in  Na  CI 

8  ppm.  K.  in  KCl,  and 
12  ppm.  Ca.  in  Ca  CI, 


From  Each  Bottlb. 


Trampiration. 

Green  weicht. 

Transpiration. 

Expt,  I. 

Expt.IL 

ExpL  /. 

ExpLlI. 

Expt,  I. 

BxpUI. 

128 

208 

4.40 

5.50 

95 

106 

135 

195 

4.45 

5.19 

178 

285 

5.30 

6.11 

123 

148 

160 

281 

5.24 

5.84 

138 

191 

4.12 

4.50 

100 

100 

139 

191 

4.21 

4.28 

167 

258 

4.76 

5.49 

123 

130 

172 

239 

4.69 

5.05 

132 

198 

3.86 

4.44 

94 

98 

127 

175 

3.79 

4.06 

Rklatite. 


.  ExpL  I. 
79 

95 
75 

85 


BxpUI. 
85 

95 
70 


69 


G8 


At  the  close  of  the  last  period  of  the  experiment  the  solutions  in 
the  three  series  to  which  32  ppm.  of  potassium  had  been  added  were 
diluted  to  the  original  volume,  and  50  cc.  of  the  same  were  titrated 
against  -^-  sulfuric  acid  with  methyl  orange  as  indicator.  In  the 
magnesium-nitrate  series,  without  sodium  hydroxid,  10.5  cc.  of  the 
acid  were  required  to  neutralize;  with  sodium  hydroxid,  11.5  cc; 
and  in  the  calcium-nitrate  series,  only  6  cc.  It  may  be  seen,  therefore, 
that,  in  spite  of  the  less  basic  nature  of  the  magnesium,  the  nutrient 
solution  had  become  more  alkaline  with  magnesium  nitrate  than  with 
calcium  nitrate;  probably  because  the  seedlings  absorbed  the  mag- 
nesium less  readily  than  the  calcium. 

The  depression  of  the  root  development  and  transpiration,  which 
has  accompanied  the  replacement  of  calcium  nitrate  by  magnesium 
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pitrate,  was  so  marked  as  to  make  it  seem  probable  that  the  trans- 
ference of  the  seedlings  from  one  solution  to  the  other  might  give 
some  interesting  results.  The  effect  of  such  transference  in  the  case 
of  the  full  nutrient  solutions  is  shown  by  table  XXII. 

Table  XXII. 


The  Effect  on  Wheat  Seedlings  of  their  Exchange  between  Magnenum-Nitrate  and 
Calcium-Nitrate  NiMent  Solutions, 


Fbom  Each  Bottlx. 


Transpiration. 


Apr.  17-20. 


Apr.  21-24. 


Green 
weiglit. 


Apr.  24. 


RXLATTVE. 


Trans- 
piration. 


Apr.  21-24. 


Green 
weight. 


42  ppm.  N.  in  MgiNO^)^ 
Not  transferred 

Trans,  to  CaCNOs),  sol. 
April  21 

Trans,  to  CaCNOs)^  sol. 
April  17 

42  vpm.  N.  in  Ca{NOz\ 
Not  transferred 

Trans,  to  MgCNOg),  sol. 
April  21 

Trans,  to  MgCNOg)^  sol. 
April  17 


60 
60 

53 
49 

65 
51 


73 
73 

75 
75 

70 
72 


123 
125 

124 
113 

143 
150 


174 
174 

165 
165 

157 
145 


5.9 
5.6 

5.3 
5,2 

5.5 
5.2 


5.6 
5.2 

5.6 

5.8 

5.6 
5.4 


100 


96 


118 


140 


133 


122 


100 


91 


93 


94 


99 


96 


The  green  weight  from  the  different  series  was  about  the  same  in 
all  cases.  The  transpiration  was  40  per  cent,  greater  with  the  cal- 
cium nitrate  than  with  the  magnesium  nitrate,  and  there  was  a  cor- 
responding difference  in  root  development.    The  seedlings  which 
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were  transferred  on  April  17  from  the  magnesium-nitrate  to  the  cal- 
cium-nitrate solution  increased  markedly  in  transpiration  and  root 
development;  whereas  the  reverse  transference  resulted  in  a  de- 
pression of  transpiration  and  a  limitation  of  the  root  growth.  Even 
a  transference  from  the  magnesium-nitrate  solution  for  only  the  last 
few  days  of  the  experiment  resulted  in  an  improvement  in  the  root 
system  and  a  slightly  greater  percentage  increase  in  transpiration. 

The  results  in  table  XXIII,  which  will  be  considered  next,  show 
the  influence  exerted  by  a  change  in  the  relation  between  calcium 
and  magnesium  when  used  in  connection  with  a  deficient  amount 
of  potassium. 

Table  XXIII. 

The  Effect  on  Wheat  Seedlinge  of  Different  Ratioa  of  Magnesium  to  Calcium  in 

the  Nutrient  Solution. 


From  Each  Bottle. 

Relattvk. 

Special  Additionb. 

TraiiBpiration. 

Green  weight. 

TnnspiratioD. 

Green  weight. 

42  ppm,  N.  in  Mg  (NOsh 
32  ppm.  K.  in  K  CI 

8  ppm.  K.  in  K  CI 

8  ppm.  K.  in  KCl,  and 
twice   tiHual   amt.   MgS04 

8  ppm.  K.  in  KCl,  and 
no  MflT  SOi 

207 
173 

125 
103 

90 
89 

116 
127 

157 
163 

274 
269 

5.76 
6.71 

3.60 
3.43 

3.14 
3.25 

3.36 
3.90 

3.88 
3.90 

5.57 
5.96 

100 
60 
47 
64 
84 

143 

100 
61 
56 
63 

8  ppm.  K.  in  KCl,  and 
12  ppm.  Ca.  in  Ca  Clj 

42  ppm.  AT.  in  Ca  {N0s)2 
32  ppm.  K.  in  KCl 

68 
101 
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As  usual,  the  transpiration  was  about  40  per  cent,  greater  with 
magnesium  nitrate  than  with  calcium  nitrate;  whereas  the  green 
weights  remained  alike.     (Compare  the  iBrst  and  last  series). 

When  the  usual  amount  of  magnesium  sulfate  was  doubled,  the 
relative  green  weight  was  depressed  from  61  to  56,  and  the  transpira- 
tion from  60  to  47.  For  similar  reasons  the  entire  elimination  of 
magnesium  sulfate  seemed  to  result  in  a  slight  relative  increase  in 
green  weight  and  transpiration. 

The  addition  of  calcium  chlorid  increased  the  relative  transpira- 
tion from  60  to  84,  and  relative  green  weight  from  61  to  68.  Un- 
doubtedly this  was  not  because  the  calcium  partly  took  the  place  of 
potassium,  for  experiments  referred  to  previously  have  shown  that 
this  does  not  occur,  but  rather  because  of  its  well-recognized  property 
of  coxmteracting  the  effect  of  relatively  large  amounts  of  maghesium. 

In  order  to  ascertain  whether  the  amounts  of  magnesium  salts 
which  have  been  used  were  of  themselves  toxic  to  the  seedlings,  the 
following  experiment  was  conducted,  in  which  the  seedlings  were 
allowed  to  grow  as  long  as  they  would  in  the  absence  of  the  other 
necessary  nutrients.    The  results  appear  in  table  XXIV. 

Table  XXIV. 

The  Growth  of  Wheat  Seedlings  with  only  the  Magnesium  Salts,  and  also  with  only 

the  Calcium  Salts, 


Distilled  water | 

96  ppm.  Mg  SO4 I 

I 

96    ppm.    MgS04    and    223    ppm. 
MgCNOa), 

58   ppm.  CaH4(P04)2  and  244  ppm. 
Ca(N0s)2 

10 


Length 
of  roots, 
inches. 


5.0 
4.5 

3.5 
4.5 

2.0 
2.0 

8.5 
7.5 


Green 
weight 
of  tops. 

Relative 

green 

weight. 

1.06 
.97 

100 

1.14 
1.26 

118 

1.05 
1.17 

109 

1..59 
1.78 


166 
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The  roots  in  the  distilled  water  showed  less  tendency  to  branch, 
and  were  not  so  stocky  as  those  in  only  the  magnesium-sulfate  so- 
lution. When  both  magnesium  salts  were  present  the  roots  were  not 
only  shorter  and  slimmer  than  those  in  any  other  series,  but  were  of 
a  brownish-green  color.  The  roots  in  the  solution  containing  the 
calcium  salts  were  normal  for  a  solution  containing  no  potassium. 
It  is  evident  that  the  calcium  salts  as  they  have  been  used  ordinarily 
in  the  foregoing  experiments  are,  even  by  themselves,  non-toxic; 
but  that  when  only  the  magnesium  sulfate  and  nitrate  are  present, 
in  the  same  amounts  as  used  in  certain  series  of  the  foregoing  experi- 
ments, there  is  a  poisonous  action  on  the  roots.  According  to  Oster- 
hout's  definitions*  these  particular  magnesium  salts  were  therefore 
in  too  great  concentration  to  constitute  a  part  of  a  true  nutrient 
solution*  (one  in  which  no  salt  is  in  greater  concentration  than  that 
which  would  be  non-toxic  if  the  salt  were  used  alone),  but  form  a  por- 
tion of  a  "balanced  solution*'  when  accompanied  by  certain  ingredi- 
ents possessing  the  property  of  overcoming  their  toxicity.  The  ad- 
dition of  calcium  fulfills  this  requirement,  and  the  increase  in  growth 
caused  by  supplementing  a  deficient  amount  of  potassium  by  calcium 
in  those  cases  where  much  magnesium  was  present  was  due  to  its 
offsetting  the  depressing  effect  of  the  magnesium  and  not  to  its  having 
the  property,  which  sodium  possesses,  of  partly  replacing  potassium. 

In  the  comparisons  of  the  magnesium-nitrate  and  calcium-nitrate 
series  which  have  been  presented  in  foregoing  tables  it  was  observed 
that  the  weight  of  tops  was  the  same  in  both  cases,  but  that  the  trans- 
piration was  usually  about  40  per  cent,  greater  with  the  calcium  ni- 
trate. This  increase  was  accompanied  by  a  similar  increase  in  root 
development.  It  was  very  evident  that  in  this  instance  the  in- 
creased transpiration  was  not  indicative  of  greater  leaf  surface,  as 
has  been  xjlaimed,  but  that  it  was  more  truly  a  measure  of  root 
development.  The  roots  looked  healthy  in  the  magnesium-nitrate 
series,  and  had  an  abundance  of  root  hairs;  but,  as  has  been  said, 
they  were  not  so  well  branched  nor  nearly  so  heavy  as  in  the  cal- 

*  Bot.  Gu.  44f  259. 
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cium-nitrate  series.  If  the  root  system  was  limited  by  some  un- 
favorable action  of  the  particular  nutrient  solution,  the  tops  must 
have  escaped  any  disturbance,  if  their  weight  can  be  accepted  as  a 
criterion.  It  is  possible  that  the  leafy  portions  of  the  seedlings  were 
protected  from  an  unfavorable  nutrient  solution  by  the  curtailment 
in  root  development  and  consequent  reduction  in  the  amount  of 
absorbed  solution  and  transpired  water.  It  is  scarcely  probable 
that  the  greater  development  of  roots  was  due  to  the  calcium  in  the 
calcium-nitrate  solution,  in  view  of  the  fact  that  the  magnesium- 
nitrate  solution  itself  contained  calcium  in  the  mono-calcium  phos- 
phate which  was  used  as  the  source  of  phosphorus. 

It  might  be  claimed  that  the  increase  in  growth,  which  has  so  con- 
tinually accompanied  the  addition  of  sodium  when  seedlings  were 
grown  for  only  about  three  weeks,  would  not  be  maintained  if  the 
experiments  were  so  arranged  that  longer  periods  of  growth  could  be 
secured. 

To  obtain  data  on  this  point,  six  paraflSn  receptacles  were  made, 
each  of  which  had  a  capacity  of  about  1,200  cc.  and  which  accom- 
modated corks  five  inches  in  diameter.  With  these  receptacles  no 
claim  could  be  made  that  the  sodium  was  benelBcial  because  it  liber- 
ated potassium.  The  general  nutrients  and  the  special  applications, 
potassium  and  sodium  chlorids,  were  the  same  as  had  been  used 
with  the  smaller  receptacles.  Two  of  the  vessels  received  an  abun- 
dance of  potassium;  two,  a  deficient  amount  of  potassium;  and 
two,  this  same  amount  plus  sodium.  The  transpiration  was  taken 
approximately,  during  the  progress  of  the  experiment,  as  a  measure 
of  the  amount  of  deficiency  of  potassium  which  was  brought  about 
in  certain  series.  About  once  a  week  the  solutions  were  entirely 
removed  from  the  receptacles,  and  the  latter  were  thoroughly  washed 
before  the  fresh  solution  was  placed  in  them.  In  the  first  experi- 
ment twenty  wheat  seedlings  were  suspended,  as  usual,  from  each 
cork,  but  eventually  the  seedlings  receiving  the  nutrient  solution  con- 
taining a  liberal  amount  of  potassium  had  produced  such  an  abun- 
dance of  roots  that  there  was  a  solid  mass  filling  the  receptacle. 
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After  this  the  full  potassium  series  made  relatively  less  growth,  and 
it  appeared  as  though  fewer  plants  would  have  been  desirable.  In  the 
second  experiment  only  ten  seedlings  were  grown  in  each  receptacle. 
The  experiments  were  not  continued  in  either  case  beyond  the  period 
of  growth  when  the  internodes  elongate  rapidly.  The  results  are  re- 
corded in  table  XXV. 

Table  XXV. 
Effect  of  Sodium  on  Wheat  Plants  Grown  until  the  Time  of  "Shooting." 


Special  Additionb. 


Expt.  I  (Xov.-Feb.) 
Full  potassium 

Deficient  potassium 

Deficient    potassium,    plus 
sodium 

Expt.  II  (Mar.-June) 
Full  potassium 

Deficient  potassium 

Deficient    potassium,     plus 
sodium 


Weight  of  Oven-drt  Plants,  in  Geams. 
Tope.  RooU.  Total. 


Relative 

wei^t. 

total. 


In  these  two  experiments  the  plants  were,  allowed  to  grow  until 
fifteen  to  twenty  times  the  usual  amount  of  material  had  been  pro- 
duced. Potassium  was  not  withheld  from  the  series  receiving  the 
small  amount  to  such  an  extent  as  to  interfere  with  the  healthfulness 
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of  the  plants;  tad  yet,  when  the  small  amount  of  potassium  was 
supplemented  by  sodium,  the  plants  were  19  per  cent,  heavier  in  the 
first  experiment,  and  30  per  cent,  heavier  in  the  second,  than  when 
the  same  amount  of  potassium  was  unaccompanied  by  sodium. 

Summary. 

The  present  article  is  a  record  of  the  conclusion  of  a  special  line 
of  work  bearing  upon  sodium  as  a  plant  nutrient,  the  first  part  of 
which  was  described  in  the  preceding  annual  report  of  this  Station, 
pages  299  to  357.  Therefore  the  present  summary  will  include  the 
main  features  of  the  work  as  a  whole.* 

The  special  object  of  the  work  was  to  ascertain  with  certainty, 
mainly  by  means  of  water-culture  experiments  carried  on  under  vary- 
ing conditions,  whether  the  beneficial  effects  which  had  been  es- 
pecially noticeable  in  the  field  with  certain  crops,  as  a  result  of  a 
liberal  application  of  sodium  to  plats  containing  but  a  small  amount 
of  available  potassium,  was  due,  in  part,  at  least,  to  a  direct  action 
of  sodium  as  a  plant  nutrient. 

The  greater  part  of  the  experimenting  was  done  with  wheat  seed- 
lings, which  were  allowed  to  grow  a  few  weeks  in  a  solution  con- 
taining all  of  the  nutrients,  modified  in  most  cases  so  as  to  furnish 
four  series  which  may  be  characterized  as  follows:  1,  optimum  po- 
tassium without  sodium;  2,  deficient  potassium  without  sodium; 
3,  deficient  potassium  with  sodium;  4,  deficient  potassium  with 
extra  calcium.  Likewise  the  optimum  amount  of  potassium  was  at 
first  supplemented  with  sodium,  and  again  with  an  extra  amount  of 
calcium,  for  comparison  with  optimum  potassium  alone. 

When  the  potassium  was  abundant  there  was  no  increase  in  the 
growth  of  seedlings  caused  by  the  addition  of  either  sodium  or  an 
equivalent  amount  of  extra  calcium. 

When  the  potassium  was  withheld  to  such  an  extent  that  the 
growth  of  the  seedlings  was  depressed  about  a  third  within  a  period 

♦  In  the  references,  given  in  parentheses  in  bold-faced  type.  20  refers  to  the  preceding  annual 
report,  and  21  to  this  report. 
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of  three  weeks,  an  addition  of  sodium  in  an  accompanying  series 
resulted  in  an  increase  in  the  production  of  seedling  tops  equal  to 
10  per  cent,  or  more;  in  a  series  differing  only  by  an  addition  of  ex- 
tra  calcium,  however,  an  increase  in  growth  was  not  secured. 

The  chlorids,  sulfates,  and  carbonates  of  potassium  and  sodium 
were  used  in  different  experiments;  and  likewise  the  chlorid,  and  sul- 
fate of  calcium. 

The  increase  of  transpiration  was  usually  less  than  that  of  green 
weight,  when  the  potassium  was  increased  or  the  sodium  added,, 
especially  with  the  carbonates.     ( 20, 344-345.) 

Experiments  with  millet,  oats,  barley,  and  rye  seedlings  showed^ 
as  with  wheat,  that  sodium  was  beneficial  when  used  with  a  defi- 
cient amount  of  potassium.  Its  effect  with  rye,  however,  was  less 
than  with  the  other  cereals,  direct  comparisons  having  been  made 
with  wheat  and  with  barley  seedlings.     ( 21,  243-248.) 

Aside  from  the  special  additions,  the  salts  generally  employed 
in  the  foundation  solution  were  as  follows:  calcium  nitrate,  magne- 
sium sulfate,  mono-calcium  phosphate  and  ferric  nitrate.  These 
were  used  in  widely  varying  amounts  in  order  to  study  the  influence 
of  the  variations  on  the  specific  effect  of  sodium.  (20,  319-330;  21,. 
255-272.) 

With  an  exceptional  nutrient  solution  containing  a  large  pro- 
portion of  magnesium  to  calcium,  the  addition  of  an  extra  amount 
of  calcium  in  connection  with  a  deficient  amount  of  potassium  re- 
sulted, as  with  sodium,  in  a  greater  weight  of  seedlings.  Undoubt- 
edly this  was  due,  however,  to  the  property  possessed  by  calcium  of 
counteracting  the  injurious  influence  of  too  large  a  proportion  of 
magnesium,  rather  than  to  an  ability  to  partly  replace  potassium. 
(21,  272-281.) 

The  effect  of  too  large  a  proportion  of  magnesium  to  calcium  be- 
came apparent  principally  in  a  very  marked  reduction  in  the  trans- 
piration and  root  growth,  rather  than  in  the  weight  of  tops.  The 
addition  of  more  calcium  to  such  a  nutrient  solution  had  a  particu- 
larly beneficial  effect  upon  the  development  of  roots,  the  influence 
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of  sodium  under  such  conditions  not  being  so  marked  in  this  respect. 
<  21,  272-278.) 

Increasing  the  amount  of  sodium  to  two  and  three  times  that 
^hich  was  equivalent  to  the  partially  replaced  potassium,  the  amount 
•ordinarily  used,  did  not  greatly  change  the  extent  of  gain  when  com- 
pared with  the  growth  resulting  from  the  deficient  amount  of  po- 
tassium alone.     (21,251-252.) 

During  a  given  time  less  potassium  was  absorbed  by  the  seedlings 
when  the  potassium  was  supplemented  by  sodium  than  when  it  was 
not.  In  other  words,  sodium  was  a  conserver  of  potassium.  (30, 
347-354.) 

In  two  experiments  wheat  was  grown  for  about  four  months  in 
solutions  contained  in  paraflSn  receptacles.  In  one  series  there  was 
a  deficiency  of  potassium  great  enough  to  cause  about  30  per  cent, 
depression  in  the  weight  of  the  entire  plants  as  compared  with  the' 
series  receiving  optimum  potassium.  In  another  series  the  addi- 
tion of  sodium  to  the  deficient  amount  of  potassium  increased  the 
product  in  one  experiment  19  per  cent.,  and  in  the  other,  29  per  cent. 
(21,  281-283.) 

With  certain  plants,  sodium  has  proved  beneficial  in  sand  culture, 
when  the  potassium  was  somewhat  deficient.  (20,  345-356;  21, 
219-250.) 

The  experimental  work  seems  to  show  that  the  beneficial  effect  of 
sodium  was  not  attributable  td  the  increase  of  osmotic  pressure,  to 
a  change  of  the  acidity  or  alkalinity  of  the  nutrient  solution,  nor  to 
overcoming  the  effect  of  unfavorable  quantitative  relations  of  the 
nutrients  in  solution;  although  without  doubt  sodium  salts  under 
certain  circumstances  act  advantageously  in  these  ways. 

Apparently  certain  of  the  uses  of  potassium,  with  some  plants  at 
least,  may  be  performed  by  sodium;  although  there  are  certain  prin- 
cipal functions  of  potassium  which  cannot  be  performed  by  any 
other  element.  If  the  amount  of  potassium  is  insufficient  for  the 
performance  of  these  exclusive  functions,  probably  maximum  growth 
-cannot  be  secured  with  any  amount  of  sodium  which  may  be  added. 
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It  is  generally  claimed  that  the  presence  of  any  considerable  quan- 
tity of  soluble  ferrous  salts  in  the  soil  is  detrimental  to  the  growth 
of  plants.  According  to  Boiret  and  Paturel*  the  action  of  the  acid 
liberated  as  a  result  of  the  natural  decomposition  of  these  salts  might 
serve  as  an  explanation  of  the  sterility  which  had  been  attributed  to 
the  salts  themselves.  They  cite  that  the  passage  of  ferrous  sulfate, 
for  example,  to  the  basic  ferric  sulfate,  results  in  the  liberation  of 
three-fourths  of  the  sulfuric  acid  as  shown  by  the  following  equa- 
tion:   4(FeO.  S03)+02+3H20=  (Feg  03)2  SO3+3H2  SO4. 

The  marked  benefit  resulting  from  applications  of  lime  to  many 
of  our  upland  soils  led  quite  early  to  the  examination  of  the  Station 
soil  for  soluble  iron  compounds;  and,  while  water  failed  to  extract 
any  appreciable  amount  of  iron,  many  observations  have  been  made 
from  time  to  time  which  indicated  that  certain  of  the  iron  compounds 
in  the  soil  were  very  easily  decomposed.  The  ashes  of  the  plants 
which  were  grown  upon  certain  plats  were  quite  brown  from  the 
presence  of  iron.  This  was  particularly  noticeable  in  one  instance 
in  the  case  of  the  tobacco  plant,  except  where  lime  was  applied,  when 
the  ash  was  of  a  much  lighter  color.  As  much  as  three-fourths  of 
the  ash  associated  with  the  extracted  humus  of  these  soils  has  been 
found  to  consist  of  ferric  and  aluminic  oxid,  apparently  mostly  ferric 

♦  Ann.  Agron.  18»  417-440  (1892). 
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oxid.  Certain  data  regarding  the  compounds  of  iron  in  the  soils  in 
question  may  be  foxmd  in  an  earlier  report.* 

In  connection  with  the  experiments  for  ascertaining  the  relative 
effect  of  liming  upon  different  plants,  which  have  been  carried  on 
during  a  number  of  years  at  this  Station,  it  was  foimd  that,  among 
the  ordinary  cereals,  barley  and  rye  were  very  differently  affected. 
Under  conditions  resulting  in  no  benefit  to  rye  from  liming,  the  crop 
of  barley  would  be  increased  usually  from  100  to  200  per  cent.  As 
these  cereals  are  admirably  adapted  for  water  cultures  with  seed- 
lings, it  seemed  to  the  authors  that  some  definite  light  might  be 
thrown  by  this  method  upon  the  causes  which  make  it  necessary  to 
add  alkaline  material  to  the  soil  before  satisfactory  crops  of  certain 
plants  can  be  grown. 

In  the  last  annual  report  of  this  Station  the  relative  effect  upon 
cereal  seedlings  of  the  addition  of  acid  to  a  full  nutrient  solution,  was 
studied,  with  particular  attention  to  barley  and  rye,  which  are  so 
differently  influenced  by  liming. t  "The  water-culture  experiments 
showed  that  barley  seedlings  were  not  more  susceptible  than  rye 
seedlings  to  injury  from  acidified  nutrient  solutions,  even  though  the 
field  results  proved  that  barley  received  very  much  more  benefit  than 
rye  from  liming." 

The  same  nutrient  solution  and  the  same  method  of  water  culture 
as  was  described  in  connection  with  the  work  just  mentioned  were 
used  in  determining  the  relative  effect  of  ferrous  sulfate  upon  barley 
and  rye  seedlings,  which  is  the  subject  of  this  article.  It  was  con- 
sidered possible  that  easily  decomposable  ferrous  compounds  might 
be  a  troublesome  factor  in  soils  in  need  of  lime,  and  that,  if  such  were 
the  case,  the  two  plants  in  question,  which  differ  so  materially  in 
their  susceptibility  to  the  disturbing  factors  in  such  soils,  might  be 
differently  affected. 

The  ferrous  sulfate  which  was  used  was  the  so-called  c.  p.  salt, 

•  Ann.  Rpt.  R.  I.  Agr.  Expt.  Sta.  18t  247-250  (1905). 
t  Ann.  Rpt.  20»  358-380  (1907). 
11 
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precipitated  by  alcohol,  and  was  purchased  from  the  J.  T.  Baker 
Chemical  Co. 

In  order  to  obtain  a  preliminary  idea  of  the  toxic  limits  of  ferrous 
sulfate,  the  following  experiment  was  conducted: 

Effect  of  FerwuM  StUfate  an  Wheal  Seedlings. 


Strength  of  lolution 

ftfl  oonoems 

ferrous  sulfate. 


None 

N 

N 

X 

N 
N 
N 


TrMkS|»umtion  per 

bottle,  10  pUnta, 

in 


178 
170 

125 
171 

124 
127 

116 
106 

73 


54 
54 

43 
44 


Green  weight  per 

bottle.  10  plants. 

in  grams. 


5.9 
6.1 

4.5 

5.3 

4.2 
4.2 

3.6 
3.5 

2.8 
3.1 

2.1 
2.4 

2.2 
2.0 


Relative 

transpiration, 

20  plants. 


100 


85 


71 


62 


46 


30 


24 


Relative 

green  weight. 

20  plants. 


100 


82 


70 


60 


50 


38 


35 


The  preceding  table  shows  that  the  transpiration  and  weight  of 
the  green  seedlings  decreased  with  each  successive  increase  in  the 
amount  of  ferrous  sulfate.  In  the  last  two  series  the  roots  scarcely 
penetrated  the  solution  and  were  very  much  stunted;  they  were 
rusty  in  appearance,  due  to  the  iron  compound  which  was  deposited 
upon  them. 
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Eifect  of  Ferrous  StdfaU  on  WheaJt  and  Rye  Seedlings, 


Strength  of 
solution 

as  concerns 
ferrous 
sulfate. 

Transpiration 

per  bottle,  10 

plants,  in  grams. 

Green  weight 

per  bottle,  10 

pUnts,  in  grams. 

Relative 

transpiration, 

20  plants. 

Relative 

green  weight, 

20  plants. 

None 

N 

T5V6 

H 

TTsn 

Wheal. 

194 
197 

122 
130 

100 

88 

Rye. 

157 
193 

118 
125 

98 
83 

Wheat. 

6.6 
6.5 

4.2 
4.1 

3.2 
3.0 

Rye. 

6.5 
6.7 

3.6 
3.6 

2.7 
2.7 

Wheai. 
100 

64 

48 

Rye. 
100 

70 

51 

Wheat. 

100 
63 
47 

Rye. 
100 

64 

49 

The  single  experiment  which  is  recorded  in  the  preceding  table 
does  not  indicate  any  marked  difference  in  the  eflfect  of  ferrous  sul- 
fate on  the  two  kinds  of  seedlings. 

In  the  remainder  of  the  tests  the  comparisons  will  be  made  with 
only  rye  and  barley,  as  these  plants  are  very  different  in  respect  to 
the  effect  of  lime  upon  them. 

According  to  the  first  two  experiments  in  the  following  table, 
barley  was  more  susceptible  than  rye  to  injury  from  the  ferrous  sul- 
fate.   The  third  experiment,  however,  indicates  the  reverse. 

It  may  be  noticed  that  the  transpiration  from  the  rye  seedlings 
was  generally  greater  than  from  the  barley  seedlings  within  the 
same  period  of  time;  in  spite  of  the  fact  that  a  greater  green  weight 
was  produced  by  the  barley  in  the  nutrient  solution  itself. 
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Effect  of  FerrouM  Sulfate  on  Barley  and  Rye  Seedlings, 


Strength  of 
■olutkm 

ftfl  oonoeras 
ferrous 
sulfate. 

Expt.  I. 
None 

If 

m 

N 

m 

N 
FIT 

Expt.  11. 
None 

N 

rsoo 

N 

JJZH 

Expt.  III. 
None. 

N 

rrcRj 

N 

T75?y 


Transpiration 

per  botUe.  10 

plants,  in  grams. 

Barlsv. 

Rye. 

195 

224 

186 

208 

116 

175 

133 

182 

99 

142 

104 

163 

86 

120 

91 

109 

153 

170 

153 

168 

100 

134 

117 

128 

84 

119 

88 

97 

189 

194 

185 

189 

153 

130 

132 

134 

102 

107 

133 

112 

Green  weight 

per  bottle.  10 

plants,  in  grams. 


BarUy. 

6.8 
6.8 

5.2 
5.0 

3.8 
3.8 

2.8 
3.4 


6.4 
6.5 

3.9 
4.5 

3.6 
3.7 


7.1 

6.9 

6.4 
5.5 

4.2 
4.5 


Rye. 

5.7 

5.8 

4.7 
4.8 

3.6 
4.0 

2.8 
3.2 


5.5 
5.3 

4.2 
3.8 

3.5 
3.2 


6.5 
5.9 

4.0 
4.4 

3.6 
3.4 


Relative 

transpiration, 

20  plants. 


BarUy. 
100 

65 

54 

46 

100 


71 


55 


100 


76 


57 


Rye. 
100 

82 

70 

53 

100 

78 
64 

100 
69 
57 


Relative 

green  weight, 

20  plants. 


BarUy. 

Rye. 

100 

100 

74 

83 

55 

66 

45 

52 

100 

100 

65     I       75 


56 


85 


62 


62 


100  100 


72 


56 


It  seemed  possible,  if  the  rye  seedlings  were  allowed  to  grow 
until  they  had  attained  a  weight  equal  to  that  of  the  barley,  that  the 
injurious  eflfect  of  the  ferrous  sulfate  would  then  be  less  marked. 
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The  following  experiment  was  conducted  to  throw  light  upon  this 
point: 

Relative  Effect  of  Ferrous  Sulfate  on  the  Transpiration  of  Rye  Seedlings  at  two 

Stages  of  Growth, 


Strenjsth  of 

solution  <a» 

oonoerns  ferrous 

sulfate. 

Transpiration  per  bottle, 
10  plants,  in  crams. 

Green 

weight 

per  bottle, 

10  plants. 

Relative  transpiration, 
per  bottle.  20  plants. 

Ralative 

green 

weight, 

20  plants. 

Feb.  11-1§. 

Feb.  19-26. 

Feb.  25. 

Feb.  11-18. 

Feb.  19-25. 

None 

201              357 

9.2 
9.3 

7.2 
7.7 

6.6 
6.9 

100 
73 
64 

100 

77 
66 

100 

N 

189 

137 
147 

116 

336 

265 
272 

221 

81 

N 

73 

TTSTJ '  '  • 

135 

235 

In  the  preceding  table  the  transpiration  is  given  for  two  periods. 
At  the  end  of  the  first  period  the  green  weights  in  the  series  to  which 
ferrous  sulfate  was  not  added  would  have  equalled  about  six  grams 
per  ten  plants,  as  was  usual  at  this  stage  of  growth  of  the  rye  seed- 
lings. Barley  seedlings  during  the  same  time  usually  weighed  six 
and  one-half  to  seven  grams. 

As  may  be  seen,  the  rye  seedlings  in  the  present  instance  were 
allowed  to  grow  until  the  green  weight  in  the  first  series  was  about 
nine  grams. 

The  relative  transpiration  during  the  two  periods  was  about  the 
same,  notwithstanding  that  the  seedlings  were  allowed  to  attain  a 
greater  weight  than  the  barley  in  any  of  the  experiments.  This  ex- 
periment indicates  that  there  would*  not  have  been  much  change  in 
the  relative  eflfect  of  ferrous  sulfate  in  the  preceding  experiments 
had  the  rye  been  allowed  to  grow  for  a  little  longer  time  than  the 
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barley,  in  order  to  have  produced  green  weight  equal  to  that  of  the 
barley. 

In  the  final  comparison  of  the  two  seedlings,  which  is  recorded  in 
the  following  table,  three  bottles  instead  of  two  were  included  in 
each  series,  in  order  that  a  larger  number  of  plants  might  be  included 
in  the  average: 

Effect  of  Femms  Sulfate  on  Barley  and  Rye  Seedlings. 


Htrength  of  solution 

a«  Gonoeras  ferroiv 

sulfate  and 

sulfuric  acid. 


None 

rmj,  FeSO^. 
T^,  FeSO^, 
Tsms*  H,  SO4. 

TITJi    Hj  SO4. 


Transpiration 
p«r  bottle. 
10  planto. 
in  grams. 

Green  weight 
per  bottle. 
10  planto. 
in  grams. 

RelaUve 

transpinition, 

30  planto. 

BarUy. 

Rye. 

BarUy. 

Rye. 

BarUy. 

Rye. 

240 

266 

6.9 

6.6 

244 

280 

7.5 

7.0 

100 

100 

227 

258 

7.2 

6.2 

163 

149 

5.7 

3.9 

186 

78 

6.4 

3.3 

76 

45 

195 

139 

5.7 

3.5 

134 

88 

4.5 

2.7 

125 

113 

4.6 

2.6 

57 

36 

149 

89 

5.1 

2.4 

216 

6.4 

188 

6.2 

83 

192 

6.1 

130 

3.8 

128 

4.1 

53 

118 

3.8 

1 

Relative 

green  weight, 

30  planto. 


Barley. 


82 


Rye. 
100 

55 


65  I        40 


86 


54 


It  may  be  seen  in  the  preceding  table  that  the  rye  seedlings  were 
injured  to  an  unusual  extent  by  the  ferrous  sulfate,  and  much  more 
than  the  barley  seedlings. 

In  the  foregoing  experiment  ^wo  additional  series,  to  which  sul- 
furic acid  was  added,  were  conducted  simultaneously  with  the  others, 
in  the  case  of  barley,  so  that  a  strict  comparison  might  be  secured  of 
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the  relative  effect  of  sulfuric  acid  and  ferrous  sulfate  of  the  same 
normality.  When  added  to  the  nutrient  solution  in  amounts  equal 
to  yyW  ^^^  average  transpiration  and  green  weight  were  depressed 
more  by  the  sulfuric  acid  than  by  the  ferrous  sulfate;  while  with  the 
Y~-^  solutions  the  reverse  was  true.  It  may  be  seen  that  the  results 
with  the  individual  bottles  were  frequently  about  the  same  with  the 
two  mafferials.  For  other  data  regarding  the  effect  of  sulfuric  acid 
in  a  like  nutrient  solution,  see  page  376  of  the  preceding  annual  re- 
port. It  seems  not  improbable  that  the  suggestion  of  Boiret  and 
Paturel,  referred  to  earlier  in  this  article,  might  be  applied  in  the 
present  instance;  and  that  the  injurious  action  of  the  ferrous  sul- 
fate was  due  largely  to  the  acid  radical. 

For  ease  of  comparison  the  relative  transpiration  and  green  weight 
with  ferrous  sulfate,  as  given  in  the  preceding  experiments,  are 
brought  together  in  the  following  compilation.  The  values  on  the 
same  line  were  obtained  at  the  same  time  and  are  strictly  comparable. 
The  transpiration  and  green  weight  from  the  series  receiving  the 
nutrient  solution  without  the  addition  of  the  ferrous  sulfate  are 
represented  by  100,  and  the  values  given  are  based  upon  this  stand- 
ard: 


Transpiration. 

Green  weight. 

Barley. 

Rye. 

Barley. 

Rye. 

I 

65 

82 

74 

83 

N 

ferrous  sulfate J 

71 
76 

78 
69 

65 
85 

75 

J 

72 

' 

76 

45 

82 

55 

/ 

54 

70 

55 

66 

N 

ferrous  sulfate .    . .  J 

55 
57 

64 
57 

56 
62 

62 

1 

56 

57 

36 

65 

40 

It  may  be  seen  readily,  by  an  inspection  of  these  figures,  that  no 
conclusion  is  justified  as  to  whether  one  or  the  other  cereal  was  most 
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injured  by  the  addition  of  ferrous  sulfate  to  the  nutrient  solution. 
It  seemed  apparent,  in  case  a  larger  number  of  comparisons  had  been 
made,  that  now  one  cereal  and  then  the  other  would  be  affected  the 
more,  and  that  in  the  end  no  great  difference  would  exist  between 
the  average  of  the  results. 

In  conducting  the  experiments  with  ferrous  sulfate  precautions 
were  taken  to  prevent  oxidation  up  to  the  time  when  th^seedlings 
were  placed  in  the  solutions.  The  water  was  boiled,  and  cooled 
rapidly,  just  prior  to  its  use  in  making  the  nutrient  solution  for  each 
successive  change;  and  the  iron  salt  was  added  inmiediately  before 
the  seedlings  were  suspended  in  the  solutions. 

Judging  from  the  rusty  appearance  of  the  roots  when  the  stronger 
solutions  of  ferrous  sulfate  were  used,  it  seemed  probable  that  the 
ferrous  sulfate  was  quite  readily  oxidized  in  the  presence  of  the  grow- 
ing seedlings.  Fresh  solutions  were  supplied  about  every  four  days. 
The  absolute  effect  of  a  given  strength  of  ferrous  sulfate  would  be 
expected  to  depend  largely  upon  the  frequency  of  the  renewed  ap- 
plications; and  doubtless  also  upon  the  nature  of  the  nutrient  solu- 
tion. In  the  present  work  the  object  was  not  so  much  to  determine 
the  toxicity  of  a  given  i^olution  as  to  ascertain  its  relative  effect  on 
barley  and  rye  seedlings. 

These  experiments  do  not  prove  that  the  effect  of  ferrous  sulfate 
is  markedly  different  with  barley  and  rye  seedlings.  This  is  in 
marked  contrast  to  the  effect  of  lime  in  the  field  on  these  two  cereals. 
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REPORT  OF  THE  DIVISION  OF  ANIMAL  BREED- 
ING AND  PATHOLOGY. 


LEON   J.   COLE. 


The  work  of  this  division  during  the  past  year  has  been  a  direct 
continuation  of  that  of  the  year  preceding.*  There  have,  however, 
been  several  new  lines  of  work  inaugurated. 

Blackhead  Disease  op  TuRKEYS.f 

During  the  last  months  of  the  preceding  j&scal  year  (spring  of  1907) 
plans  were  made  and  arrangements  perfected  for  pushing  the  ex- 
perimental work  on  blackhead,  especially  that  bearing  on  the  matter 
of  transmission  of  the  disease.  During  July  and  August  these  ex- 
periments were  carried  out,  and  at  the  same  time,  in  order  to  be  able 
to  give  more  attention  to  the  pathological  side'  of  the  problem,  a 
temporary  assistant  was  foimd  to  help  with  the  work  in  the  laboratory 
during  the  summer.  The  division  was  fortunate  in  securing  for  this 
position  Dr.  Philip  B.  Hadley,  at  that  time  a  graduate  student  in 
Brown  University.  The  laboratory  examinations  soon  revealed 
the  presence  of  large  numbers  of  organisms  belonging  to  the  genus 
Cocddiuirif  in  various  stages,  in  the  great  majority  of  turkeys  dying 
of  blackhead,  and  further  investigation  led  to  the  conclusion  that  the 
parasite  described  by  Smith,  and  called  by  him  Amoeba  meleagridis, 

♦  See  Twentieth  Ann.  Rcpt.  R.  I.  Agr.  Expt.  Sta..  1906-1907  (1908),  pp.  279-287. 
t  Until  June  30,  1908,  these  investigations  were  carried  on  in  oodperation  with  the  Bureau  of 
Animal  Industry,  U.  S.  Department  of  Agriculture. 
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was  in  reality  a  stage  in  the  life  cycle  of  this  Coccidium.  These 
findings  modified  somewhat  the  course  of  the  investigations,  which 
now  centered  about  this  causative  organism,  and  consisted  in  a 
study  of  its  life  cycle,  its  resistance  to  injurious  substances  and  con- 
ditions, its  occurrence  in  and  effect  on  other  birds  and  mammals, 
and  the  means  by  which  it  might,  in  nature,  be  transmitted  from 
one  bird  to  another.  A  preliminary  statement  of  these  results  was 
made  at  the  meetings  of  the  American  Society  of  Zodlogists  and  the 
American  Society  of  Bacteriologists  in  December,  and  was  later  pub- 
lished in  Science.* 

During  the  winter  the  work  consisted  in  the  examination  of  such 
birds  as  died  of  the  disease,  together  with  the  sectioning  and  micro- 
scopic study  of  the  diseased  organs.  In  the  spring  the  field  investi- 
gations were  taken  up  where  they  had  been  dropped  the  previous 
summer,  a  number  of  improvements  in  the  methods  of  conducting 
them  being  made  as  a  result  of  previous  experience.  On  June  1, 
1908,  Dr.  Hadley  again  came  into  the  laboratory  and  resumed  his 
work  where  he  had  left  it. 

A  report  of  the  investigations  upon  this  disease  at  this  Station  the 
past  two  years  has  now  been  prepared.  It  should,  perhaps,  be 
mentioned  here  that  a  report  at  this  time  is  only  a  report  of  progress. 
The  ultimate  object  of  the  investigations  is  to  be  able  to  cure,  or  at 
least  to  control,  this  disease;  and  while  determining  the  real  character 
of  the  organism  which  causes  it  and  understanding  its  life  history  is 
a  great  step  toward  this  end,  it  may  nevertheless  be  a  long  way  from 
its  final  attainment.  The  problem  is  rendered  especially  difficult 
by  the  nature  of  the  causative  organism;  if  it  could  be  grown  upon 
artificial  media  and  isolated  in  pure  cultures  like  the  bacteria,  the 
investigation  would  be  greatly  simplified.  Comparative  scarcity 
of  material  in  the  way  of  turkeys  at  the  right  age,  together  with  other 
complications,  threaten  to  make  the  task  a  long  one;  but  it  is  felt, 
nevertheless,  that  a  distinct  gain  has  been  made,  and  continued  effort 
should  result  in  still  further  advance  in  the  near  future. 

♦  Cole,  Leon  J.,  and  Philip  B.  Hadley.    "  Blackhead,  a  Coccidial  Diaease  of  Turkeys,"  Science, 
N.  S.,  vol.  27.  No.  704,  1908,  p.  994. 
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Leg  Weakness. 

Poultrymen  who  use  artificial  methods  of  rearing  have  been  much 
troubled  by  a  condition  of  their  young  birds  marked  by  weakness  of 
the  legs,  which  results  in  inability  to  stand,  difficulty  in  breathing, 
and  is  terminated  by  death.  This  tendency  in  brooder-reared  tur- 
keys has  been  a  serious  drawback  to  the  experiments  with  blackhead, 
where  it  was  desired  to  raise  the  poults  for  as  long  a  period  as  possible 
on  board  floors.  The  trouble  has,  like  so  many  other  poultry  dis- 
•eases,  been  ascribed  variously  to  inherited  weakness,  to  improper 
feeding,  to  lack  of  exercise  and  ventilation,  to  "bottom  heat,"  and 
various  other  causes.  Some  attempt  has  been  made,  rather  inci- 
dentally, to  separate  out  and  test  some  of  these  various  factors,  and 
results  have  been  obtained  which  add  something  to  the  knowledge 
of  the  conditions  required,  even  if  they  do  not  settle  the  question.  It 
is  proposed  to  publish  these  results  separately. 

Breeding  Work  with  Pigeons. 

The  breeding  work  with  pigeons  was  begun  early  in  1907.  The  im- 
mediate problem  taken  at  the  start  was  the  determination  of  some  of 
the  laws  relating  to  the  inheritance  of  color  in  Tumbler  pigeons.  It 
was  felt  that  results  along  this  line  would  be  of  considerable  general 
theoretical  value,  and,  furthermore,  that  they  might  have  direct 
and  immediate  application  for  the  fancier.  The  reason  that  "fancy 
points"  and  not  "utility  characters"  were  chosen  was  that  they  are 
so  much  more  definite,  and  hence  give  better  opportunity  for  reliable 
<;onclu8ions  to  be  drawn  from  a  relatively  smaller  amount  of  data. 

It  should  not  be  forgotten,  however,  that  results  which  at  first 
glance  appear  to  be  entirely  theoretical  and  abstruse  may  prove  at 
a  future  time  to  have  a  direct  application  to  practical  needs,  and  to 
be  of  the  greatest  value  from  a  utilitarian  standpoint.  The  history 
of  science  and  economics  has  furnished  numberless  examples  of  just 
this  thing.  The  breeding  of  guinea-pigs  might  seem  to  many  to  be 
A  matter  which  could  have  no  possible  relation  to  agricultural  uses, 
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but  the  general  laws  deduced  in  this  way  may  prove  of  inestimable 
value  to  the  stock  breeder.  Thus  Professor  Castle,  of  Harvard 
University,  has  just  announced  the  production  of  an  entirely  new  and 
unknown  color  variety  of  the  guinea-pig.*  The  interest  does  not  lie 
so  much  in  this  fact  as  it  does  in  that  he  was  able  to  predict  the  re- 
sults, and  went  at  it  definitely  to  obtain  a  type  which,  upon  theoreti- 
cal grounds,  he  should  be  able  to  produce.  This  he  did  in  as  definite 
a  manner  as  the  chemist  who  puts  together  certain  chemicals,  having 
properties  with  which  he  is  familiar,  and  produces  some  substance 
which  he  may  never  have  seen  before,  but  whose  properties  he  has  been 
able  to  predict.  Just  so  Professor  Castle  was  working  with  guinea- 
pigs  whose  ancestry  he  knew,  and,  furthermore,  he  knew  the  laws 
governing  the  inheritance  of  their  color  patterns  and  pigments. 
Perhaps  the  most  striking  feature  is  that,  making  the  proper  crosses, 
the  new  predicted  variety  was  produced  in  the  second  generation  uid 
is  a  permanent  variety,  that  is,  one  which  will  "breed  true."  There 
is  no  basis  for  computing  the  time  it  would  have  taken  anyone  not 
familiar  with  the  laws  governing  the  inheritance  of  coat-color  to 
produce  this  result,  further  than  that  guinea-pigs  have  been  bred 
for  untold  generations  and  the  variety  was  \mknown,  hence  had  in 
all  probability  never  been  produced.  And  now  as  to  the  application 
of  this  to  practical  breeding.  When  we  know  the  characters  in  our 
horses  and  cattle  and  swine  which  obey  these  same  laws  we  are  at 
once  in  a  position  to  breed  for  definite  results,  and  are,  moreover, 
withheld  from  attempting  to  produce  the  unattainable,  since  we 
may  know  certain  results  which  can  be  obtained  and  others  which 
cannot.  The  value  of  using  mice  and  guinea-pigs  and  pigeons  in- 
stead of  horses  and  cattle  in  order  to  discover  these  laws  may  now 
be  seen, — they  are  cheaper,  easier  to  handle  and  keep,  breed  oftener, 
and  in  many  cases  produce  more  young  at  a  time,  so  that  results  are 
obtained  much  more  rapidly  and  economically  than  would  be  the 
case  if  the  larger  domesticated  animals  were  employed. 

•  Castle,  W.  E.,  A  new  color  variety  of  the  guinea-pig-     Science,  N.  S.,  VoL  28.  1908,  No.  712 
pp.  260-252. 
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Certain  results  which  have  abeady  become  apparent  from  the 
pigeon-breeding  are  of  interest,  and  illustrate,  also,  the  value  which 
the  work  may  possess  for  the  fancier.  Thus  if  red  Tumblers  and 
black  Tumblers,  which  have  been  foimd  to  come  true  to  color  when 
bred  amongst  themselves,  are  crossed,  the  birds  of  the  first  genera- 
tion are  all  black  with  reddish  or  bufify  tips  on  the  feathers.  In  the 
later  molts,  however,  these  reddish  tips  may  be  lost,  in  which  case 
the  bird  is  indistinguishable  from  its  black  parent.  If  now  two  of 
these  offspring  be  mated,  most  of  their  offspring  will  be  like  them- 
selves when  yoimg,  i.  6.,  black  with  buffy  tips;  but  one-fourth*  of 
the  offspring  in  this  second  fUial  generation  vnU  be  red.  These  red 
birds  should  breed  true,  whereas  from  the  blacks  of  this  generation 
should  be  produced  both  blacks  and  reds.  These  are  matters  which 
are  still  to  be  tested.  The  above  results  conform  very  closely  to  the 
requirements  of  Mendel's  Law,  but  present  certain  features  which 
merit  further  study.  This  particular  case  is  cited  at  this  time  to  in- 
dicate the  trend  of  the  work. 

Other  problems  have  been  kept  in  mind  and  carried  along  in  con- 
junction with  the  breeding.  Owing  to  the  difficulty  in  distinguish- 
ing the  sexes  of  pigeons,  especially  before  they  are  old  enough  to 
mate,  squab  raisers  often  are  troubled  by  finding  that  they  have 
saved  for  breeding  purposes  an  excess  of  one  or  the  other  sex,  usually 
of  males  (?),  whereas  it  is  their  desire  to  have  approximately  an  equal 
number  of  each.  No  physical  characters  appear  to  be  present  in 
pigeons  by  which  the  sex  can  be  determined  infallibly,  and  especially 
is  this  true  of  the  yoimg  birds.  The  squab  raiser  must,  of  coxirse,  dis- 
pose of  his  birds  when  they  are  very  young,  and  before  he  can  make 
use  of  their  behavior  in  determining  their  sex.  It  appears  to  be 
widely  believed  among  pigeon  breeders  that  the  first  egg  of  the  com- 
plement of  two  which  is  laid  gives  rise  to  a  male  bird,  while  the  second 
produces  a  female.  This,  if  true,  would  be  a  fact  of  great  importance 
and  extreme  interest,  but  imfortunately  it  is  shown  by  the  keeping 

*  In  the  results  which  have  actually  been  obtained  to  date,  the  proportion  of  red  birds  in  Fg 
has  been  somewhat  greater  than  1:3;  but  the  total  numbers  as  yet  obtained  are  too  small  to 
make  this  significant. 
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of  careful  records  that  such  is  not  the  case.  On  the  contrary,  the 
question  of  sex  appears  to  be  a  matter  of  chance,  as  is  the  case  in 
most  animals.  These  results  will  soon  be  published  in  detail,  to- 
gether with  other  matters  on  the  time  of  laying,  period  of  brooding, 
etc.,  which  have  come  out  in  the  course  of  the  work. 

Cooperative  Experiments  with  Bees. 

Whereas  most  of  the  animals  which  man  has  domesticated  have 
been  greatly  improved  by  fortuitous  or  intelligent  selective  breeding, 
little  or  no  progress  has  been  made  in  this  line  with  bees.  This  is 
because  of  the  attendant  difficulties,  chief  of  which  are,  first,  the 
fact  that  the  workers  are  the  individuals  in  which  it  is  desirable  to 
make  the  improvements,  whereas  the  breeder  cannot  make  this  change 
directly  upon  the  workers,  but  must  do  it  through  the  sexually  per- 
fect members  of  the  colony,  the  queens  and  drones;  and  second,  the 
difficulty  in  controlling  the  mating  of  the  queen.  Progress  upon  the 
first  problem  is  dependent  upon  a  solution  of  the  second.  Bee  breed- 
ers have  usually  attempted  this  by  having  in  their  yards  drones  of 
only  the  kind  with  which  it  is  desired  to  have  the  virgin  queens  mate 
when  they  take  their  nuptial  flight.  This  is  a  more  or  less  haphazard 
method,  however,  which  cannot  be  absolutely  safeguarded.  Any 
method  by  which  desired  matings  can  be  brought  about  with  abso- 
lute surety  may  be  expected  to  inaugurate  a  new  period  destined  to 
revolutionize  bee-breeding.  During  the  past  year  the  Station  has 
been  cooperating  with  Mr.  Arthur  C.  Miller  of  Providence,  an  en- 
thusiastic and  expert  bee-keeper,  in  experiments  along  this  line. 
While  definite  positive  results  have  not  yet  been  obtained,  much 
progress  has  been  made  in  a  direction  which  lends  encouragement  to 
further  effort.  Mr.  Miller's  report  of  what  has  so  far  been  accom- 
plished is  published  at  this  time. 

Investigation  op  Ropy  Milk. 

During  the  spring  of  this  year  complaint  was  received  from  a 
woman  in  the  northern  part  of  the  State,  that  the  milk  which  she 
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set  in  pans,  for  the  cream  to  rise,  became  ropy  or  stringy.  She  sent 
a  sample  of  the  milk  to  the  Station,  and  it  took  but  a  brief  time  to 
determine  that  the  trouble  was  of  bacterial  origin.  The  task  of  dis- 
covering when  and  how  the  infection  got  into  the  milk  was,  however, 
a  more  difficult  imdertaking.  This  has,  nevertheless,  been  accom- 
plished, and  it  is  proposed  to  treat  of  the  subject  of  ropy  milk  in  a 
special  bulletin  at  no  distant  date. 

Miscellaneous. 

In  addition  to  the  definite  lines  of  investigation  which  have  been 
mentioned,  certain  other  matters  of  more  or  less  incidental  character 
have  been  undertaken. 

Mr.  Kirkpatrick  has  tried,  upon  eggs  which  were  being  hatched 
for  certain  experiments  on  feeding,  the  advantage,  if  any,  in  per^ 
centage  of  hatch  of  turning  the  eggs  a  greater  or  less  number  of  times 
each  day.  Half  of  the  eggs  were  turned  twice  a  day,  the  other 
half  five  times  a  day.  This  was  tried  with  a  total  of  1,886  eggs. 
Another  experiment  in  which  1,040  eggs  were  used  was  designed  to 
test  the  effect  upon  the  hatch  of  dipping  the  eggs  in  luke  warm  water 
upon  the  nineteenth  day  of  incubation.  The  results  of  these  ex- 
periments will  be  published  later. 

During  the  past  two  seasons  some  attempt  has  been  made  to  pro- 
duce crosses  between  the  turkey  and  the  common  fowl,  the  guinea- 
fowl  and  the  common  fowl,  and  a  ring-necked  pheasant  cock  and  a 
bantam  hen.  Only  the  last  had  a  successfid  issue,  and  in  this  case 
only  one  out  of  26  eggs  incubated  was  fertile.  From  the  one  fertile 
egg  hatched  a  most  curious  hybrid,  which  it  is  proposed  to  describe 
when  it  has  attained  its  adult  plumage. 

The  Rhode  Island  Station  is  gradually  coming  to  be  regarded 
as  an  authority  on  poultry  diseases,  and  persons  making  inquiries 
are  often  directed  here  by  the  officers  of  the  Stations  of  other  States. 
The  Division  has  at  all  times,  as  previously,  held  itself  ready  to  aid  the 
poultrymen  of  the  State  in  any  way  in  its  power,  and  help  and  ad- 

18 
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vice  have  also  been  given  to  persons  outside  the  State  in  so  far  as 
was  practicable. 

During  the  winter  months,  when  the  plant  was  not  being  utilized 
for  experiments  in  connection  with  pathological  or  breeding  work^ 
its  facilities  were  largely  turned  over  to  another  Division  for  use  in 
experiments  on  the  feeding  of  chicks  for  broiler  purposes.  Consid- 
erable of  the  time  of  several  assistants  of  the  Division  was  also  de- 
voted to  this  work. 

(Comparatively  little  has  been  done  in  the  way  of  building  during 
the  past  year.  The  "squab  house"  (see  map  in  report  of  lafet  year) 
was  moved  to  the  east  side  of  the  pigeon  house  and  connected  with 
an  opening  into  the  latter.  It  is  now  used  for  housing  the  "Inside'' 
or  "Parlor"  Tumblers.  Serious  leaks  made  a  new  front  and  roof 
to  the  brooder  house  a  necessity.  Furthermore,  a  brick  chimney 
was  constructed  in  the  same  building  to  replace  the  pipe  which  had 
formerly  been  used,  and  which  was  constantly  causing  trouble  and 
having  to  be  renewed.  The  general  improvements  of  the  grounds 
have  been  continued.  Additions  to  the  cinder  roadway  and  the  con- 
version of  the  plat  north  of  the  cottage  into  a  lawn  have  greatly 
improved  the  appearance  of  the  place. 

The  assistants  and  laborers  in  the  Division  remained  nearly  as  the 
year  before,  with  the  exception  of  Mr.  W.  F.  Schoppe,  who,  though 
nominally  in  this  Division,  devoted  the  major  portion  of  his  time  to 
the  feeding-experiments.  Great  credit  should  be  given  to  Mr.  Kirk- 
patrick,  who  has  virtual  superintendence  of  the  poultry  plant,  and 
who  took  almost  complete  charge  of  matters  during  the  winter. 

It  is  not  without  sincere  regret  in  many  ways  that  at  the  end  of 
the  year  for  which  this  report  is  being  made  the  present  Chief  of  the 
Division  resigns  his  position  to  take  up  university  work.  During 
his  tenure  of  the  office  his  work  has  been  facilitated  and  made  pleasant 
by  the  interest  and  attention  shown  him  both  by  his  superior  and  his 
subordinates.  He  is  succeeded  by  Dr.  Hadley,  who,  from  his  train- 
ing and  his  familiarity  with  the  work,  is  peculiarly  fitted  to  take  it 
up  and  carry  it  on  just  where  it  is  being  left. 
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It  may  not  perhaps  be  out  of  place  to  say  a  word  as  to  the  op- 
portunities and  needs  of  the  Division  at  this  time.  First  as  to  the 
opportunities,  which  are  very  great,  especially  along  the  line  of  poul- 
try diseases.  These  have  in  the  past  been  comparatively  neglected. 
A  few  diseases  have  been  systematically  studied,  their  symptoms 
recognized  and  defined,  and  the  causative  organisms  discovered. 
But  in  the  majority  of  cases  the  diseases  are  known  only  through  local 
traditions,  the  symptoms  are  confused,  and  the  causes  \mknown. 
As  has  already  been  stated,  the  Rhode  Island  Station  has  acquired 
some  reputation  in  the  study  of  animal  diseases,  and  is  fairly  well 
equipped  for  the  work.  It  would  thus  seem  to  have  a  field  in  which 
it  would  do  well  to  push  ahead  persistently  and  unremittingly,  since 
it  is  one  which  promises  rich  results  of  the  greatest  practical  impor- 
tance. The  most  urgent  need  of  the  Division  at  the  present  time  is  a 
suitable  building  for  the  isolation  of  birds  which  are  sick  or  being 
subjected  to  experimentation;  in  other  words,  a  hospital.  As  matters 
stand  now,  when  some  fowl  is  received  with  a  disease  which  is 
perhaps  new  or  little  understood,  the  investigator  hesitates  to  in- 
oculate the  disease  into  other  fowls  and  thus  perpetuate  it  at  the 
Station  for  purposes  of  study,  for  fear  of  introducing  it  into  the  stock 
which  is  being  kept  for  other  purposes.  It  would  be  a  serious  loss, 
for  example,  if  some  fatal  malady  should  gain  access  to  the  one  thou- 
sand or  more  chicks  being  used  in  a  brooder  experiment*  When  these 
things  are  considered,  the  desirability,  and,  indeed,  the  absolute  ne- 
cessity, .of  a  hospital  in  an  isolated  location,  with  suitable  yards  ad- 
joining for  the  reception,  care,  and  isolation  of  sick  birds,  is  self- 
evident.  It  is  to  be  hoped  that  such  a  building  may  be  provided  for 
the  Division  in  the  near  future. 
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The  belief  has  long  existed  among  the  more  thoughtful  beekeepers 
that  control  of  the  mating  of  the  drones  and  queens  must  be  secured 
before  any  very  marked  progress  in  the  development  and  fixing  of 
desirable  traits  will  be  possible.  Mating  takes  place  while  the  in- 
sects are  flying.  When  the  drones  (males)  and  queens  (females) 
are  confined  either  to  the  hive  or  to  larger  enclosures  they  as  a  rule 
fail  to  mate.  But  few  exceptions  are  known  to  this,  and  not  aU  of 
the  reported  exceptions  are  beyond  the  possibility  of  error.  Among 
those  generally  accepted  as  authentic  are  the  experiences  of  Mr.  H. 
L.  Jeffrey,  of  Woodbury,  Conn.;  J.  E.  Davitte,  of  Aragon,  Ga.;  and 
W.  E.  Flower,  of  Ashbourne,  Penn.  The  first-named  had  confined 
in  several  hives  of  bees  some  virgin  queens  and  drones  of  selected 
stock.  These  hives  had  above  the  combs  a  space  three  to  four  inches 
high,  free  and  clear,  to  give  the  bees  room  in  which  to  gather  when 
being  moved,  it  being  Mr.  Jeffrey's  intention  to  take  them  some  dis- 
tance from  other  bees  and  there  liberate  them,  trusting  that  the  ma- 
tings  of  the  queens  would  be  with  the  selected  drones. 

The  hives  were  moved  by  wheelbarrow,  and  on  inspection  at  the 
end  of  the  journey  he  found  that  all  of  the  queens  (six?)  had  mated. 
Mr.  Jeffrey  made  many  subsequent  attempts  to  secure  like  results, 

*The  experiments  here  reported  were  conducted  in  ooOperation  with  the  Rhode  Island  Agri- 
cultural Experiment  Station,  and  were  under  the  immediate  direction  of  Dr.  Leon  J.  Cole,  Chief 
of  the  Division  of  Animal  Breeding  and  Pathology. 
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but  without  success.  No  record  exists  of  any  other  matings  in  so 
small  a  space.  Some  persons  have  expressed  the  opinion  that  the 
queens  were  mated  before  being  transported,  but  Mr.  Jefifrey  is 
credited  with  being  a  careful  observer,  and,  after  some  inquiry,  I  be- 
lieve his  statement  worthy  of  record. 

Enclosures  for  mating  purposes  have  been  experimented  with, 
and  have  varied  in  size  from  an  ordinary  jelly  tumbler  to  cages  thirty 
feet  high  and  of  the  same  diameter;  also  experiments  have  been 
made  in  long  greenhouses. 

In  the  smaller  enclosures  the  insects  constantly  strove  to  escape, 
but  in  the  large  ones  they  flew  freely.  The  experiments  giving  the 
most  promising  results  were  those  of  Mr.  J.  F.  Davitte,  of  Aragon, 
Ga.*  He  built  an  octagonal  cage  thirty  feet  high  and  of  the  same 
diameter.  The  frantmg  was  of  scantling,  braced  with  wires,  and 
covered  with  cotton  mosquito  netting.  Hives  containing  bees  with 
drones  and  queens  were  placed  about  the  outside  of  the  cage,  the 
hives  having  two  openings,  one  permitting  the  escape  of  drones  and 
queens  into  the  cage,  and  the  other  giving  the  workers  freedom  to 
the  fields.  By  keeping  the  entrance  to  the  cage  closed  until  the 
worker  bees  had  become  accustomed  'to  using  the  other  exit  from 
the  hive,  but  few  of  them  found  their  way  into  the  cage  when  access 
was  given  to  it.  Mr.  Davitte  reported  the  mating  of  one  hundred 
queens  in  this  cage. 

Mr.  Flower's  cage  was  scarcely  half  the  size  of  that  used  by  Mr. 
Davitte.  His  experiments  extended  over  only  one  season,  and  he 
had  one  queen  mated  in  the  cage.  Nothing  more  has  been  heard 
from  him  regarding  the  problem. 

A  year  or  two  later  the  experiments  of  Mr.  Davitte  were  repeated 
by  another  man,  but  wire  cloth  was  used  instead  of  mosquito  netting, 
and  the  drones,  queens,  and  workers  battered  themselves  to  death  by 
flying  against  it.  This  cage  was  wrecked  by  a  wind-storm  soon  after 
its  construction,  and  was  not  rebuilt. 

♦See  Bee  Keepers'  Review,  February,  1901. 
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In  1899  the  writer  began  experiments  on  the  flight  of  bees  in  vari- 
ous enclosures.  White  cotton  cloth  proved  to  be  best,  the  bees  only 
flying  against  the  side  showing  the  strongest  light.  Later  it  was 
found  that  they  apparently  saw  through  the  cloth  and  tried  to  pass.* 

On  making  a  cage  of  double  walls  of  cloth,  the  two  walls  being 
about  one  inch  apart,  the  bees  made  no  further  attempts  to  pass 
through,  but  flew  normally,  as  in  the  open  air. 


Fia.   1. — Cloth  flying  cage  used  in  Mr.  Miller's  experi- 
ments on  controlling  the  mating  of  bees. 

In  the  late  summer  of  1907,  aided  by  the  cooperation  of  the  Di- 
rector of  the  Rhode  Island  Experiment  Station,  I  erected  a  cloth 
house  nine  feet  square  and  nine  feet  high,  with  a  peaked  outer  roof, 
but  with  a  horizontal  inner  ceiling  of  cotton  cloth.  Figure  1  shows 
a  view  of  this  house  as  it  appeared  shortly  after  it  was  put  up.  The 
house  was  floored,  the  floor  being  also  covered  with  white  cloth. 

•It  was  not  a  turning  towards  the  light,  but  apparently  an  attempt  to  fly  over  trees,  etc.,  which 
formed  an  indistinct  horizon;  for  by  placing  one's  self  close  to  the  hive  and  watching  the 
line  taken  by  the  bees,  it  was  seen  to  strike  just  above  the  horison.  The  sight  of  the  bees  ap- 
pears to  be  imperfect,  and  its  peculiarities  ofiFer  to  scientists  an  interesting  field  for  study.  [It 
is  not  altogether  apparent,  nevertheless,  that  this  may  not  have  been  a  direct  response  to  a  light 
area.     L.  J.  C] 
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Several  small  colonies  of  bees  were  placed  in  this  house,  and  ob- 
servations begun.  The  workers  flew  freely  about  in  the  cage,  and 
when  honey  was  exposed  they  gathered  it  up  and  took  it  each  to  her 
respective  hive.  Drones  and  queens  also  flew  freely,  but  no  suc- 
cess was  met  with  in  regard  to  their  mating.  This  was,  at  the  time, 
attributed  to  the  lateness  of  the  season,  and  possibly  to  the  condition 
of  the  drones.  The  drones  obtain  practically  all  of  their  nourish- 
ment from  the  workers,  rarely  taking  honey  from  the  comb.  They 
never  gather  any  nectar  from  the  flowers,  and  hence,  when  the 
workers  fail  to  feed  them,  they  become  weak  and  sluggish  and  soon 
perish. 

In  the  spring  of  1908  the  cage  was  rebuilt  and  the  experiments 
were  resumed.  A  strong  colony  of  bees  was  placed  in  it,  the  drones 
being  confined  to  the  cage,  while  the  workers  had  the  freedom  of 
the  open.  In  this  manner  an  abundance  of  vigorous  males  was  se- 
cured. Some  workers  found  their  way  into  the  cage  and  would 
cluster  in  the  upper  corners.  Openings  were  therefore  made,  and 
covered  with  perforated  metal,  which  permitted  the  passage  of  the 
workers,  but  not  of  the  queens  or  drones,  and  freedom  from  the 
troublesome  clusters  was  secured.  It  was  found  that  the  virgin 
queens  would  often  join  such  clusters,  and  when  two  or  more  were 
present,  fighting  took  place  until  but  one  was  left.  With  the  clusters 
disposed  of,  there  was  no  further  loss  of  queens;  each  queen  flew 
freely  and  returned  to  her  respective  hive.  Their  flight  appeared 
to  be  normal,  since  they  rose  in  spirals  and  kept  clear  of  the  walls; 
but  they  would  often  hit  against  the  top.  In  the  open  they  rise  to  a 
great  height,  but  do  not  go  very  far  from  home.  The  drones,  on  the 
contrary,  range  long  distances  and  fly  high. 

In  the  cage  the  drones  did  not  strike  the  top,  as  did  the  queens,  but 
darted  about  as  when  free. 

In  raising  queens  from  many  diflferent  strains  it  was  found  that 
they  varied  greatly  in  the  age  at  which  they  mated,  and  pains  were 
taken  to  have  queens  of  the  different  strains  in  the  cage.  Drones 
of  one  strain  seemed  to  be  particularly  successful  in  finding  queens 
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in  the  open.  The  strain  in  question  was  peculiarly  marked,  and  so, 
whenever  a  queen  had  mated  with  a  drone  of  that  strain,  it  was 
readily  known  by  her  offspring.  This  led  to  the  use  of  drones  of 
various  strains  in  the  cage. 

Every  factor  which  could  be  thought  of  has  been  embodied  in  the 
experiments,  but  so  far  without  success  in  the  particular  matter  de- 
sired. 

Just  what  the  enclosure  has  to  do  with  the  mating  of  the  queen  and 
(he  drone  is  a  puzzle.  The  drones  were  virile,  and  the  queens  passed 
through  the  various  stages  of  development  until  they  began  lajdng 
unfertilized  eggs.  After  they  reach  that  period  they  have  never  been 
known  to  mate.  The  diameter  of  the  cage  seems  to  have  been  suf- 
ficient for  normal  flight,  but  the  height  may  not  have  been  su£Sc- 
ient,  and  may  have  had  something  to  do  with  it. 

After  the  many  failures  under  the  most  promising  conditions,  the  life 
history  and  habits  of  the  bee  werq  again  given  careful  consideration 
to  see  if  any  point  which  would  help  could  be  found.  The  double- 
walled  cloth  cage  had  overcome  the  trouble  with  the  bees  seeing  out. 
The  drones  were  properly  nourished,  and  were  virile.  The  queens 
reached  the  rutting  period  and  flew  actively;  but  the  drones  paid 
no  attention  to  them.  Obviously  something  was  wrong.  The 
question  arose,  "How  do  the  males  find  the  females?"  Very  ob- 
viously it  is  not  by  scent,  for  the  males  never  take  any  notice  of  the 
presence  of  a  virgin  or  fertile  queen,  nor  in  any  way  indicate  that  she 
has  any  odor  attractive  to  them.  This  is  in  marked  contrast  with 
what  we  know  of  moths. 

That  sight  is  not  the  primary  means  of  finding  or  attraction  seems 
evident.  The  only  remaining  possibility  seems  to  be  in  sound,  the 
means  by  which  some  other  lace-winged  insects  find  theu:  mates. 

On  going  over  all  the  recorded  cage  experiments  and  our  own,  it 
was  found  that  in  every  instance  myriads  of  workers  were  on  the 
wing  all  about,  and  some  within,  the  enclosures;  and  it  seemed  quite 
probable  that  the  roar  thus  produced  would  make  it  impossible  for  the 
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drones  to  distinguish  or  locate  the  sound  of  the  flying  queen*    Is  it 
not  possible  that  the  instinct  of  the  queen  and  drones  to  fly  high  has 
to  do  with  the  getting  away  from  the  noise  of  the  horde  of  workers  ?t 
The  question  suggests  a  possible  clue  to  the  solution. 

♦See  Bee  Keepers'  Review,  February,  1901, 

tfThere  may  be  two  reasons  why  successful  matings  were  not  obtained.  First,  there  may  have 
been,  as  Mr.  Miller  suggests,  failure  of  the  drones  to  find  and  recognise  the  queen,  and,  second, 
it  may  be  that  even  though  the  queen  was  found,  and  recognised,  mating  did  not  occur  be- 
cause of  the  unfavorable  conditions,  t.  e.,  the  confinement,  and  especially  the  limitation  of  ver- 
tical space.  The  act  of  mating  may  perhaps  depoid  upon  some  responsive  reaction  of  the  fe- 
male when  she  is  approached,  and  this  reaction  may  not  be  g^ven  by  the  queen  unless  she  has 
room  for  vertical  flight.  Mr.  Miller  states  that  whereas  the  drones  flew  freely  in  the  cage,  the 
females  often  went  to  the  roof.  Mating  dep^ident  upon  the  reaction  of  the  female  has  been 
observed  in  the  amphipods  (beach  fleas).  The  males  grasp  indiscriminately  any  individuals  with 
which  they  come  in  contact,  but  retain  their  hold  only  upon  those  which  do  not  struggle  to  get 
away.  ».  e..  the  unfertilized  females.     L.  J.  C] 


14 


Digitized  by  VjOOQIC 


THE  CROW   AS   A  MENACE  TO  POULTRY   RAISING. 


LEON   J.    COLE. 


That  the  common  crow  {Corvus  brachyrhynchos)  is  a  not  infre- 
quent despoiler  of  the  nests  of  other  birds  has  long  been  known, 
while  his  attacks  upon  poultry  and  eggs  were  among  the  grievances 
held  against  him  by  the  early  settlers.  It  is  perhaps,  not  generally 
appreciated  that  the  crow  is  distinctly  omnivorous,  and  that  under 
natural  conditions  a  large  proportion  of  its  food  consists  of  animal 
matter.  According  to  Borrows  and  Schwarz,*  roughly  speaking, 
one-third  of  the  food  of  crows  consists  of  animal  matter;  during 
certain  months,  especially  April  and  May,  the  proportion  of  animal 
food  consumed  is  nearly  double,  while  in  the  fall  and  winter  it  is 
correspondingly  less. 

The  crow's  depredations  upon  poultry  consist  almost  entirely  in 
the  destruction  of  eggs  and  the  killing  of  the  young.  Adult  fowls 
are  probably  seldom  attacked  unless  sick  and  weakened.  The  eggs 
of  the  turkey,  which  is  commonly  allowed  to  roam  and  select  its 
nesting  site  far  removed  from  the  house  or  poultry  yard,  are  es- 
pecially liable  to  destruction  by  crows.  They  do  frequently,  how- 
ever, attack  chicks,  young  turkeys  and  even  goslings.  Interesting 
accounts  of  the  methods  employed  by  the  crows  to  evade  the  vigilant 
care  of  the  parents,  are  given  in  the  bulletin  of  which  mention  has 
just  been  made  (see  section  on  "Destruction  of  eggs  and  young  of 
poultry,"  pp.  37-40.)  It  is  reported  that  crows  sometimes  attack 
even  such  large  animals  m  sheep  and  swine. 

Serious  depredations  of  crows  upon  poultry  and  eggs  appear  to 

*  Barrowt,  Walter  B.,  and  E.  A.  Sohwars.  '*  The  oommon  crow  of  the  United  States."  U. 
8.  Dept.  Agric.  Div.  Ornith.  and  Mam.,  Bull.  No.  6,  98  pp.     Washington.  1895. 
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occur  only  in  certain  localities,  while  in  other  places,  though  the  crow 
may  have  an  unsavory  reputation,  as  he  generally  does  in  farm- 
ing communities,  he  is  at  least  free  of  this  opprobrium.  The  reasons 
for  this  are  probably  twofold,  depending,  first,  upon  the  abimdance 
of  other  food,  and,  in  the  second  place,  upon  the  accessibility  of 
poultry.  As  poultry  raising  is  now  generally  conducted,  when  any 
special  attention  is  given  to  it,  the  eggs  are  no  longer  exposed  to 
the  danger  from  crows,  since  the  hens  lay  in  regularly  appointed 
houses.  Furthermore,  the  young  chicks  are, 'as  a  rule,  much  better 
protected,  being  confined  in  yards  and  runs  near  the  house  instead 
of  being  allowed  to  roam  at  large  with  their  mothers.  Nevertheless, 
as  will  be  illustrated  below,  the  crows  may  become  very  daring  in 
their  attacks  when  other  food  is  scarce.  The  necessity  of  an  abund- 
ant supply  of  food  is  especially  great  during  the  months  of  April 
and  May,  when  the  crows  are  rearing  their  young.  Certain  ex- 
periments on  feeding  young  crows  in  captivity,  which  are  reported 
by  Forbush*  (pp.  45-60),  indicate  that  the  young  crows  require  a 
large  proportion  of  animal  food,  and  that,  when  fledged,  they  "ab- 
solutely require  a  daily  amount  of  food  equal  to  about  one-half 
their  own  weight;  and  it  is  evident  that  they  will  consume  much 
more  than  this  to  their  own  advantage  if  they  can  get  it."  Since 
young  chicks  are  usually  raised  at  about  the  same  time  it  is  evident 
why  they  often  furnish  a  very  acceptable  addition  to  the  crowds 
larder. 

Judging  from  the  fact  that  comparatively  few  complaints  have 
been  received,  it  would  appear  that  the  poultry  raisers  of  this  State 
have  not  been  greatly  troubled  by  the  crow.  During  the  past  season, 
however,  two  cases  have  been  reported  from  different  sections  of 
the  State,  in  which  the  depredations  by  the  crows  have  been  so  per- 
sistent as  to  cause  serious  losses.  The  first  of  these  was  reported  by 
Dr.  V.  L.  Leighton,  who  has  an  extensive  poultry  plant  not  more 

*  Forbush.  Edward  How«.  "  Useful  birds  and  their  protection."  Published  under  direc- 
tion of  the  Massachussetts  State  Board  of  Agricultiire.  second  edition,  1907,  xx  +  437  pp..  56 
plates,  colored  frontispiece  and  many  figures. 
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than  a  half-mile  from  the  Experiment  Station  in  Kingston.  Dr. 
Leigh  ton's  plant  is  not  a  great  way  from  a  large  piece  of  woodland 
in  which  crows  are  abundant.  His  experience  this  year  was  as 
follows: 

He  was  troubled  most  seriously  from  about  April  1  to  July  10. 
This  is  just  the  season  during  which  the  crows  are  raising  their 
young  and  the  yoimg  are  learning  to  forage  for  themselves.  Dr. 
Leighton  estimates  that  during  this  period  he  lost,  from  the  depre- 
dations of  the  crows  alone,  in  the  neighborhood  of  100  chickens, 
which  was  about  25  per  cent  of  those  hatched  and  not  lost  from 
other  causes.  All  sizes  were  taken,  from  the  time  they  were  just 
hatched  until  they  were  a  pound  in  weight.  The  larger  chicks  the 
crows  killed  and  ate  where  they  caught  them,  but  the  smaller  ones 
they  carried  away  in  their  beaks.  Various  efforts  were  made  to 
keep  the  crows  away,  most  of  which  were  ineflfectual.  The  first 
was  a  scarecrow,  but  this  had  little  or  no  effect.  In  the  second 
place  com  soaked  in  strychnin  solution  was  scattered  on  a  field  of 
planted  corn  at  a  little  distance  from  the  chicken  yard.  This  may 
have  killed  some  crows,  but  no  dead  ones  were  found.  No  com 
was  pulled,  but  there  was  no  appreciable  decrease  in  the  number  of 
chickens  taken.  Third,  a  steel  trap  was  set  on  a  pole  near  the  chicken 
yard,  but  without  success.  Fourth,  white  twine  was  run  on  stakes 
around  and  across  the  chicken  yard;  this  kept  the  crows  from  the  ' 
yard,  but  the  small  chicks  would  get  out,  and  would  then  still  fall 
a  prey  to  the  crows.  Finally,  a  crow  was  shot  and  himg  on  a  pole 
near  the  chicken  yard,  after  which  there  was  no  further  trouble. 
It  is  Dr.  Leighton's  opinion  that  stealing  chickens  is  a  common 
habit  of  crows  in  this  State.  He  has  been  troubled  before,  but 
never  so  seriously. 

The  other  instance  of  serious  losses  this  season,  to  which  reference 
has  already  been  made,  occurred  near  Cumberland  Hill,  in  the 
northern  part  of  the  State.  This  was  on  the  farm  of  Mr.  E.  E. 
Church,  who  was  attempting  to  raise  ducks  on  a  suitable  pond  not 
a  great  distance  from  his  house.    The  first  lot  hatched  consisted  of 
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135  ducklings;  later  in  the  season  there  remained  of  these  but 
fourteen.  In  a  later  lot  he  had  70  ducklings,  and  saved  only  thirteen 
of  them.  The  loss  of  nearly  87  per  cent  he  attributes  almost  wholly 
to  crows.  Mr.  Church  thought  the  crows  carried  the  ducklings 
away  in  their  claws,  but  in  this  he  was  probably  mistaken.  Mr. 
Church  also  found  a  scarecrow  ineflfectual  in  keeping  the  crows 
away. 

The  question  of  whether  the  crow  is  on  the  whole  beneficial  to 
agricultural  interests,  or  whether  he  does  more  harm  than  good,  is 
one  that  will  probably  have  to  receive  a  diJBferent  answer  in  ac- 
cordance with  different  conditions.  That  he  does  a  great  deal  of 
good  at  times  by  the  destruction  of  noxious  insects  cannot  be 
denied,  though  it  would  probably  be  diflScult  to  convince  the  average 
farmer  that  he  is  anything  but  a  thief  and  a  rascal.  The  problem 
is  in  reality  an  extremely  complex  one,  depending  upon  a  great 
many  variable  factors,  especially  the  absolute  and  relative  abund- 
ance of  various  kinds  of  food.  When  other  food  is  scarce  the  crow 
turns  to  poultry,  but  when  certain  insects,  (such,  for  example,  as 
the  beetles  commonly  known  as  ''June  bugs")  are  abimdant,  the 
crow  feeds  largely  upon  them.  Forbush,  in  the  work  mentioned 
above,  devotes  several  pages  (pp.  8-11)  to  a  discussion  of  the  pos- 
sible inter-relations  of  the  crow  and  certain  other  birds,  on  the  one 
hand  to  injurious  insects,  and  on  the  other  to  insects  and  birds  which 
are  useful  to  agriculture.  But  whatever  may  be  the  crow's  good 
points  in  particular  cases,  it  is  not  likely  that  the  poultry  man  who 
is  suflFering  serious  losses  by  his  depredations  will  be  inclined  to  look 
upon  him  with  favor.  For  this  reason  it  is  probably  well  that  the 
State  does  not  ofifer  the  crow  protection;  but  that  it  is  wise  to  give 
a  bounty  on  all  crows  killed  is  not  so  certain.  The  matter  is  one 
which  would  probably  be  more  or  less  locally  self-adjusting  without 
the  boimty ,  for  in  those  localities  where  crows  are  proving  harmful  this 
should  in  itself  act  as  an  incentive  for  lessening  their  numbers,  while 
if  they  are  doing  no  harm  or  are  perhaps  of  benefit  in  other  places,  a 
bounty  will  work  against  its  own  ultimate  ends,  namely,  the  interests 
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of  the  agriculturist.  It  happens,  however,  that  the  crow  is  a  bird 
fully  capable  of  looking  out  for  himself  under  all  ordinary  conditions, 
and  as  Forbush  says  (loc.  ciL,  p.  406):  "Our  laws  which  deny  pro- 
tection to  the  crow  are  wise,  for  it  is  one  of  those  species  which, 
though  at  times  most  useful,  may  become  a  pest  if  not  held  severely 
in  check." 

It  should  perhaps  be  mentioned  that  it  is  the  opinion  of  many 
observers  that  the  egg  and  poultry  stealing  habit  is  not  conmion 
to  all  of  the  crows  of  even  a  single  locality,  but  that  the  habit  is 
acquired  by  certain  individuals  only,  and-  that  if  these  can  be  shot 
the  trouble  will  be  stopped. 
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METHODS  OF   KEEPING  PEDIGREE  RECORDS  IN   USE 

AT  THE  RHODE  ISLAND  AGRICULTURAL 

EXPERIMENT  STATION* 


LEON   J.    COLE. 

As  written  language  is  a  conventional  scheme  which  greatly 
facilitates  the  recording  and  orderly  arrangement  of  ideas,  just  so 
some  definite  scheme  of  records  is  of  great  importance  in  putting 
in  accurate,  permanent  and  accessible  form  the  results  of  scientific 
investigation.  The  primary  requisite  of  such  a  scheme  is  that  the 
records  shall  be  accurate  and  clearly  understandable,  that  is,  not 
ambiguous.  Next  they  should  be  in  such  a  form  that  the  data 
desired  can  be  obtained  from  them  with  the  least  possible  trouble. 
In  other  words,  even  though  the  records  do  not,  as  put  down,  have 
the  desired  order,  they  must  be  cross-referenced  or  indexed  in  such  a 
way  that  the  correlated  facts  may  readily  be  assembled.  This  is 
accessibility.  Finally,  a  great  desirability  is  simplicity.  This  not 
only  saves  much  time  in  the  recording  of  the  data,  but  conduces  to 
clearness  and  thus  saves  time  also  in  the  utiUzation  of  the  records. 

At  the  time  the  writer  came  to  the  Rhode  Island  Experiment 
Station  in  September,  1906,  it  was  desired  that  certain  investigations 
in  the  breeding  of  poultry,  especially  turkeys,  should  be  under- 
taken. It  was  therefore  necessary  that  some  scheme  of  records 
should  be  decided  upon  and  adopted.  After  the  methods  employed 
by  some  of  the  foremost  investigators  in  scientific  breeding  in  this 
country  had  been  examined,  a  scheme  was  finally  adopted  which 
diflfers  considerably  from  any  in  use  at  that  time,  so  far  as  the  writer 
is  aware,  but  based  upon  certain  suggestions  put  forward  by  Galton* 
a  few  years  earlier.    Galton's  suggestions  were  for  the  keeping  of 

♦  Galton.  Francis.     Pedigrees.     Nature.  Vol.  67.  No.  1747.  pp.  686,  687.  1903. 
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human  pedigree  records,  and  a  considerable  modification  of  his 
scheme  was  necessary  in  order  to  adapt  it  to  animals.  The  general 
plan  is  one,  however,  which  lends  itself  readily  to  modification  and 
adaptation  to  special  uses,  and  not  only  is  it  usually  necessary  or 
advisable  to  make  certain  changes,  according  to  the  kind  of  animal 
studied,  but  also  according  to  the  purpose  of  the  particular  investi^- 
tion  and  the  needs  of  special  cases.  At  this  Station  the  plan  was 
first  devised  for  keeping  the  pedigrees  of  turkeys,  but  was  later 
adapted  to  other  poultry,  and  especially  to  pigeons.  Any  eerious 
attempt  at  an  investigation  of  heredity  in  turkeys  was  soon  given 
up  because  of  the  study  of  the  blackhead  disease  of  turkeys,  which 
was  being  made  at  the  same  time.  This  study  squired  the  greater 
number  of  the  young  turkeys  hatched  for  inoculation  and  similar 
experiments,  and  so  few  survived  that  no  quantitative  results  of 
the  breeding  could  be  obtained.  On  this  account  it  was  nece^ary  to 
pursue  the  breeding  investigations  on  another  form,  and  for  this  the 
pigeon  was  chosen.  The  purpose  and  scope  of  the  pigeon-breeding 
investigations  will  not  be  discussed  at  this  time;  it  is  the  object  of 
the  present  paper  only  to  describe  the  methods  of  recording  em- 
ployed. It  may  thus  serve  as  a  preliminary  to  the  scientific  results 
of  the  investigation,  which  will  be  published  later. 

Although  the  descriptive  portion  which  follows  will  refer  speci- 
fically to  the  methods  now  employed  with  the  pigeon  records,  some 
reference  will  also  be  made  to  the  general  plan  as  adapted  at  this 
Station  to  turkeys  and  other  poultry.  This  has,  in  the  two  years 
which  it  has  been  in  use,  given  such  satisfaction  that  the  original  plan 
is  still  followed  in  the  case  of  the  turkeys  merely  as  a  catalogue  of 
stock,  since  it  has  the  advantage  of  keeping  the  pedigrees  as  well.  A 
further  modification  of  the  same  general  scheme  has  been  adopted 
by  the  biologists  of  the  Maine  Station  in  the  pedigree  poultry  breed- 
ing being  carried  on  there.  Their  special  methods  are  described  in 
a  recent  bulletin  of  the  Station.* 

*  Pearl.  R..  and  F.  M.  Surface.     Applianoee  and  methods  for  pedigree  poultry  breeding. 
Maine  Agric.  Exper.  SU..  Bull.  No.  169,  pp.  239-274,  July,  1908. 
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Perhaps  the  most  common  method  of  recording  and  referring  to 
individuals  in  pedigree  breeding  is  by  means  of  serial  numbers, 
which  are  usually  given  in  the  order  in  which  the  individuals  are 
bom  (or  hatched,  as  the  case  may  be),  irrespective  of  parentage. 
Galton's  plan  for  keeping  human  pedigrees,  referred  to  above,  dif- 
fered from  this  in  one  important  essential.  Instead  of  giving  the 
serial  number  to  the  individual  as  a  unit,  he  applies  the  same  number 
to  a  whole  family  group.  The  individual  children  of  this  family 
can  then  be  distinguished  by  their  Christian  names.  We  can  use  the 
example  given  by  Galton  for  illustration.  John  Gore  marries  Amy 
Myers  and  they  have  six  children:  Fred,  George,  Ellen,  Susan, 
Stephen,  and  Fanny.  These  constitute  a  family  group,  and  to  the 
group,  as  a  whole,  is  given  the  lowest  imoccupied  serial  number  (in 
this  case  101).  Now  whenever  we  meet  the  number  101  we  know  it 
refers  to  the  family  of  John  and  Amy  Gore.  Furthermore  when  we 
see,  for  example,"  Ellen  Gore  101,"  we  know  at  once  she  is  one  of 
the  children  of  this  particular  family  group,  and  there  is  no  danger 
of  confusing  her  with  any  other  Ellen  Gore,  since  the  latter  would 
have  the  number  of  some  different  family  group.  Also,  if  we  see 
"  Fred  Gore  101 "  and  "  Fanny  Gore  101 "  we  know  immediately  that 
they  are  brother  and  sister  without  looking  the  matter  up  further. 

How  this  scheme  may  be  applied  to  animal  pedigrees  is  obvious 
at  once.  Instead  of  a  "family  group"  we  now  have  a  mating  and  the 
resulting  oflfspring.  The  serial  number  is  now  applied  to  the  mating 
and  may  be  called  a  "mating  number."  But  here  a  difficulty  arises, 
since  the  different  individual  offspring  must  be  distinguished,  and 
it  is  not  convenient  to  give  a  name  to  each.  The  plan  has  therefore 
been  adopted  of  applying  to  the  individuals  a  letter  of  the  alphabet, 
which  is  written  immediately  after  the  mating  numbers,  the  two 
together  becoming  the  "name"  of  any  individual.* 


*  For  special  reasons  this  plan  has  been  modified  at  the  Maine  Station,  so  that  the  individ- 
uals  do  not  bear  their  mating  number.  The  reason  for  this  change  is  the  technical  difficulty 
of  banding  a  large  number  of  chicks  at  one  time,  it  being  much  simpler  to  put  on  bands  bear- 
ing consecutive  numbers  than  to  have  to  select  the  proper  band  for  each  chick.  See  Bulletin 
No.  159  of  the  Maine  Station,  referred  to  above. 
Ift 
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Thus  if  the  mating  were  No.  101,  the  individual  oflfspring  would 
be  101  A,  lOlB,  lOlC,  etc.*  It  is  to  be  observed  here,  again,  that 
the  number  101  at  once  shows  all  the  individuals  to  be  from  the 
same  mating.  It  should  also  be  remembered  that  a  number  not 
followed  by  a  letter  always  refers  to  a  mating  and  never  to  an  individual. 

There  is  one  other  datum  indicated  by  the  Christian  name  in  the 
case  of  the  members  of  a  human  family  group  that  is  not  indicated 
in  the  system  outlined  here  for  animals,  and  that  is  the  sex.  The 
sex  of  the  individual,  therefore,  has  to  be  recorded  separately.  All 
this  can  be  made  more  clear  by  considering  a  concrete  example. 
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m  /^    )( 


^6 


28  A 


MAY  30  19071 JUN  U  1907 


m; 


PIED  JUL  18  1907--^^^ 


/>»<;  (ur)  77r*)  (*a,o 


28  B 


JUN  \-  1907 


JUN  18  1907 


JUL  18  1907  ^,^u>t^x.  >ASxX   xJU^toxUit.^  .t^i^Ui  M.„u;^ ^ Mjt.4iju^JL 

AUG    3-  1908       if^vrnC  ^  .^^..Ji,  Ju^  x^i^,.^  .^M  ^a%Z 


o 


Fio.  1. 


Figure  1  shows  a  "  mating  card'^f  from  the  pigeon  pedigree  records. 
This  is  made  directly  from  one  of  the  regular  cards  and  contains  the 
same  data  as  the  original.     The  number  28  in  the  upper  left  hand 

*  In  casee  where  there  are  more  offspring  than  letters  in  the  alphabet  a  small  numeral  is 
added  after  the  letter;  thus  the  27th  and  28th  individuals  would  be  lOlAt.  IOIB2.  etc. 

t  These  records  are  kept  on  specially  ruled  and  printed  "  Library  Bureau  "  cards  of  the  12.5 
cm.  X  20  cm.  size.  Great  advantages  are  claimed  at  the  Maine  Station  for  the  "  loose  leaf 
system."     The  plan  of  records  is  equally  adaptable  to  either. 
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comer  is  the  **  mating  number,"  and,  as  has  been  stated,  is  one  of  a 
continuous  series.  This  number,  both  here  and  in  the  column  under 
''Individual"  below,  is  stamped  with  an  automatic  numbering  ma- 
chine, which,  though  it  may  not  save  much  time,  adds  legibility, 
neatness  and  accuracy.  To  the  right  of  the  mating  number  are 
recorded  the  individual  numbers  of  the  parents,  that  of  the  male 
always  being  put  above  the  line  with  the  female's  number  below. 
To  the  right  in  parenthesis  is  added  a  brief  statement  of  what  each 
parent  is  (color  and  breed),  and  for  convenience  a  hint  as  to  ancestry 
may  be  added  to  save  looking  it  up.  Thus  lA  is  a  red  long-faced 
clean-legged  tumbler,  whereas  the  female,  7A,  is  a  black  bird  of  the 
same  breed.  It  happens  that  both  of  these  were  purchased,  so  that 
their  ancestry  is  unknown.  Suppose,  however,  that  one  of  them  had 
been  an  offspring  of  the  second  generation  from  a  cross  between  a 
red  and  a  black  pigeon;  this  could  have  been  indicated  by  adding 
''Fg,  red  x  black."  None  of  the  data  included  here  in  the  paren- 
thesis are  of  course  necessary  on  the  card,  but  entering  it  saves  the 
necessity  of  referring  back  to  the  mating  cards  of  the  parents,  and 
shows  at  a  glance  what  sort  of  mating  is  being  made.  Finally,  as 
regards  the  parents,  the  last  previous  and  next  succeeding  mating 
of  each  is  added,  in  order  to  facilitate  running  through  the  cards 
when  it  is  desired  to  follow  out  the  matings  of  a  particular  bird* 
Mating  28  shows  us  that  previous  to  this  mating  these  birds  were 
paired  with  different  mates,  since  one  was  in  mating  17  and  the  other 
in  mating  16.  After  mating  28  they  were  left  together,  however, 
and  their  next  offspring  are  numbered  46.  It  would  have  been 
possible  to  retain  the  same  number  so  long  as  any  two  birds  re- 
mained mated,  giving  consecutive  letters  to  the  offspring,  but  on 
account  of  advantages  to  be  gained  in  other  ways,  a  new  number  is 
given  each  time  the  birds  lay  a  complement  of  eggs.  As  they  lay 
only  two  eggs  at  a  time,  the  young  are  therefore  always  A  and  B 
(except  in  a  special  case  to  be  mentioned  later). 

Below  the  double  line  are  recorded  the  data  of  the  eggs  laid  and 
of  the  young  birds  from  the  time  they  hatch  till  they  die.     Thus  it  is 
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seen  that  the  first  egg  (the  one  destined  to  produce  squab  28A)  was 
laid  between  2:30  and  4:20  P.  M.  on  May  30, 1907.*  Two  days  latCT, 
on  June  1,  the  second  egg  was  laid  between  noon  and  half-past  one  in 
the  afternoon.  In  the  next  column  to  the  right  is  recorded  the  fact 
that  squab  28A  hatched  before  4  A.  M.,  on  June  IS,  and  squab  28B 
hatched  sometime  between  4  and  6  o'clock  on  the  same  morning.  In 
order  that  it  may  be  known  with  certainty  which  squab  hatches  from 
egg  A,  and  which  from  egg  B,  (the  eggs  are  marked  28A  and  28B  as 
laid),  shortly  before  they  are  due  to  hatch  one  of  the  eggs  (B)  is  taken 
from  the  nest  and  placed  in  an  incubator.  After  hatching  a  string  is 
tied  loosely  around  the  leg  of  the  squab  and  it  is  returned  to  its  nest. 
When  the  squabs  are  about  ten  days  old  closed,  or  "seamless,"  alu- 
minum bands  bearing  their  number  are  slipped  on  over  their  feet,  so 
that  when  the  birds  are  old  enough  to  leave  the  nest  the  band  could 
not  be  removed  without  cutting.  The  determining  of  the  particular 
squab  which  comes  from  each  egg,  as  well  as  observing  as  nearly  as 
possible  the  times  of  laying  and  of  hatching,  has  no  bearing  on  the 
heredity  investigations,  but  has  to  do  with  a  different  problem  which 
is  being  investigated  at  the  same  time.  If  one  of  the  eggs  were  not 
removed  to  the  incubator  both  might  hatch  during  an  interval  be- 
tween observations,  in  which  case  it  would  be  impossible  to  tell  which 
squab  was  A  and  which  B.  This  does  sometimes  happen,  and  in 
such  a  contingency,  the  fact  is  made  evident  by  designating  the 
young  as  X  and  Y,  instead  of  A  and  B. 

To  return  to  mating  28,  we  find  that  when  squab  28A  was  a  month 
old  it  diedt  from  being  over  fed  (probably  by  its  parents,  though 
possibly  by  some  "feeder"  which  had  older  squabs  of  its  own).  There 
appears  to  be  no  way  of  determining  the  sexes  of  pigeons  from  exter- 
nal characters,  and  this  squab  was  too  young  at  the  time  of  its  death 
for  its  sex  to  be  told  by  its  actions.  Dissection,  however,  showed  it 
to  be  a  male,  as  recorded  in  the  "Sex"  column,  and  the  fact  that  the 
sign  signifying  sex  is  enclosed  in  parentheses  indicates  that  the  sex 
was  determined  in  this  way. 

*  Dates  are  stamped  in  with  a  rubber  dating  stamp, 
t  A  rubber  stamp    is  used  for  recording  the  death. 
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Squab  28B  lived  to  be  old  enough  to  breed;  he  has,  in  fact,  bred 
four  times.  That  this  bird  was  also  a  male  could  of  course  be  ascer- 
tained at  that  time.  The  numbers  of  the  various  matings  of  28B  are 
given  at  the  right,  each  enclosed  in  parentheses,  which  is  the  conven- 
tional means  used  of  indicating  a  mating  number  when  it  is  not  at 
the  head  of  its  card.  The  number  71 A  below  (141)  indicates  that 
28B  was  mated  with  the  female  71  A,  and  since  no  other  number  is 
given  in  the  succeeding  matings,  he  is  still  mated  to  this  same  female. 
Here  again  this  record  is  not  essential  on  this  card,  but  is  added 
only  for  convenience,  since  the  mate  of  28B  could  be  ascertained 
by  tm^ning  to  card  141  even  if  it  were  not  given  here. 

Mating  card  141  bears  the  following  data  at  its  top : 


141 

MATING 
NUMBER 


PHCVIOUS   MCCIIOINO 
OCNIRAL    DKSORirTION    AND    ANCUTRV  MATING  MATING 


?7//l(     "     "  "  "  "       "      -  Jf/^«<^.«^jH — )( 


i 

)( ) 


The  lower  part  of  this  card  would  have  the  data  for  birds  141  A  and 
141  B  in  the  same  way  that  figure  1  shows  the  data  for  28A  and  28B. 

Attention  has  already  been  called  to  the  fact  that  the  last  preced- 
ing and  next  succeeding  matings  are  recorded  for  each  of  the  parents 
on  all  the  mating  cards.  Thus  the. previous  mating  of  lA  was  17, 
and  of  7A  it  was  16;  the  succeeding  mating  of  each  is  46.  If  it  is 
desired  to  see  at  once  all  the  matings  of  either  one  of  these  birds  it 
is  but  necessary  to  turn  to  card  1  or  7  as  the  case  may  be,  where  they 
are  all  entered. 

Turning  again  to  Figure  1,  it  is  seen  that  the  lower  half  of  the  card 
is  reserved  for  descriptions,  and  here  are  recorded  the  characters  the 
inheritance  of  which  are  being  studied. 

This  is  all  there  is  to  the  system.  There  is  only  one  set  of  numbers 
and  cards;  and  once  the  centr^  idea  is  grasped  is  will  be  seen  to  be 
exceedin^y  simple.  All  essential  data  are  recorded  in  the  most  con- 
cise way  and  without  the  necessity  of  repetition,  repetition  being 
made  only  in  so  far  as  may  aid  in  convenience  of  cross  referencing. 
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Although  there  is  no  necessary  consecutive  order  beyond  the  number- 
ing of  the  matings,  the  automatic  cross-referencing  which  results 
enables  any  desired  line  to  be  followed  out  in  the  shortest  space  of 
time  and  with  the  least  trouble.  As  the  number  of  matings  becomes 
large,  however,  it  will  probably  be  found  that  certain  indexes  can 
be  added  to  advantage.  Thus  an  index  could  be  made  to  the  birds 
of  diffrent  colors  or  possssing  certain  other  characters.  Or  there 
might  be  an  index  of  the  different  crosses,  after  each  cross  being 
enumerated  the  matings  in  which  that  cross  has  been  made,  e.  g. : 

black  X  red,  (45)  (56)  (67)  (71)  (88)  (104)  (134)  (169)  (194)  (228)* 
red  X  black,  (28)  (46)  (59)  (69)  (82)  (99)  (126)  (158)  (195)  (226)  * 

If  it  is  desired  to  put  any  particular  pedigree  or  part  of  the  same  in 
the  ordinary  chart  form,  this  can  be  done  in  a  very  short  time  merely 
by  following  back  and  forth  through  the  cards  by  means  of  the  num- 
bers, for  on  every  card  one  finds,  on  the  one  hand,  the  numbers  of  all 
the  matings  of  the  birds  there  recorded,  while  on  the  other,  the  data 
of  their  parents  may  be  had  by  turning  to  the  card  corresponding 
to  the  number  of  the  parents,  which  is  given  in  their  designation  at 
the  top  of  the  card  in  question. 

The  test  of  every  such  system  is  the  way  it  holds  up  when  it  is  put 
into  use.  The  methods  here  described  have  now  been  in  practical 
use  at  this  Station  for  more  than  two  years,  and  have  proven  very 
satisfactory.  It  is  planned  that  this  account  of  the  scheme  may 
at  no  distant  date  be  followed  by  a  report  on  some  of  the  results  that 
have  been  obtained  by  its  use. 


♦  From  actual  records. 
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REPORT  OF  METEOROLOGIST. 


NATHANIEL   HELME. 


Summary,  July  1,  1907,  to  June  30,  1908. 

Temperature f  Fahrenheit 

Maximum 89""  July  18  and  19, 1907;  June  20, 1908. 

Minimum —  4°  January  31,  February  8,  1908. 

Highest  daily  mean. ...  78''  July  18  and  19,  1907. 

Lowest  daily  mean  ...  8.5°  February  8,  1908. 

Highest  monthly  mean.  69.7°  July,  1907. 

Lowest  monthly  mean  25.3°  February,  1908. 

Mean  of  the  year 48 . 5° 

Precipitation.     {Rain  and  melted  snow,) 

Greatest  in  any  24  consecutive  hours.  3. 16  inches.  May  7-8,  1908. 

Largest  monthly  total 8 .03  inches,  November,  1907. 

Least  monthly  total 72  inch,  July,  1907. 

Total  for  the  year 53 .  75  inches. 

Snowfall  (unmelted) 37  inches. 

December,  1907,  13  inches;   January,  1908,  8  inches;    February, 
12.5  inches;  March,  3.5  inches. 

Prevailing  Winds. 

The  prevailing  winds  were  from  the  west  in  every  month,  except- 
ing July,  1907,  and  May,  1908,  when  they  were  from  the  southwest. 
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Weather. 

Number  of  clear  days  in  the  year 158 

Partly  cloudy  days 120 

Cloudy  days 88 

With  precipitation  of  .01  inch  or  more 97 

The  principal  characteristics  of  the  weather  far  each  month  were  as 
follows: 

The  total  rainfall  for  July  was  the  least,  for  that  month,  on  the 
Station  record  of  nineteen  years.  Crops  suffered  from  lack  of  mois- 
ture.   The  hay  crop  was  secured  in  good  condition. 

Dry  weather  continued-during  the  month  of  August  and  although 
the  rainfall  was  twice  as  much  as  that  of  July,  it  brought  but  little 
relief  and  at  the  end  of  the  month  water  was  very  low  in  wells  and 
streams. 

The  total  precipitation  for  September  was  the  largest  for  the 
month  since  1899,  and  greater  than  that  of  the  three  summer  months 
combined.    There  was  killing  frost  on  low  land  on  the  27th. 

The  mean  temperature  was  the  lowest  for  the  month  of  October 
since  1895,  and  the  maximum  was  the  lowest  for  the  month  during 
the  Station  record  of  nineteen  years. 

The  total  precipitation  for  November  was  the  largest  for  the 
month  since  1897.  A  trace  of  snow,  the  first  of  the  season,  fell  on 
the  morning  of  the  13th.  The  mean  temperature  of  the  month  was 
very  near  the  normal. 

The  maximum  temperature  for  the  month  of  December  was  the 
highest  for  the  month  on  the  Station  record,  and  the  mean  tempera- 
ture was  the  highest  since  1891.  The  total  precipitation  was  three 
inches  above  the  normal  for  the  month. 
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The  weather  for  the  first  three  weeks  of  January  was  mild  and  un- 
seasonable, but  the  low  temperatures  of  the  last  week  brought  the 
mean  to  very  near  the  normal  for  the  month.  The  total  precipitation 
was  below  the  normal  for  the  month  and  was  mostly  in  the  form  of 
rain,  the  groimd  being  bare  of  snow  imtil  the  storm  of  the  24th. 

The  mean  temperature  for  February  was  one  degree  below  the 
average  for  the  month,  but  was  5°  more  than  that  of  February  1907. 
The  precipitation  was  above  the  average  and  was  the  largest  for  the 
month  since  1903. 

The  weather  for  March  was  mild  with  absence  of  the  high  winds 
generally  experienced  during  that  month.  There  was  no  frost  in  the 
groimd  at  the  end  of  the  month,  and  both  its  coming  and  going 
were  "lamb-like." 

The  mean  temperature  of  April  was  slightly  above  the  average  for 
the  month.  The  maximum  temperature  was  the  highest  for  the 
month  since  1893,  and  the  minimum  the  lowest  since  1900. 

The  May  rainfall  was  above  the  normal  and  the  largest  for  the 
month  since  1901.  There  were  a  number  of  heavy  rains.  The  high 
wind  accompanying  the  rain  on  the  30th  made  it  one  of  the  worst 
storms  of  the  month. 

Low  temperatures  were  frequent  in  the  first  part  of  the  month  of 
June,  and  there  were  killing  frosts  in  some  places  as  late  as  the 
middle  of  the  month.  The  sun  was  visible  every  day  of  the  month 
and  there  was  but  one  day  registered  as  cloudy,  it  being  so  at  the 
times  of  observation,  though  the  sun  was  shining  during  the  early 
hours  of  the  day. 


Digitized  by  VjOOQIC 


328  R.  I.  Agl.  Expt.  Sta.  Rept.,  1908. 

WEATHER  SUMMARY  FOR  JULY,   1907. 


Tempebatube. 

Precipita- 
tion. 

(IncheB.) 

PBEVAnJNQ 

Wind. 

Charactek 
OF  Day. 

Max. 

MiN. 

Mean. 

1 

80* 
73 
76 
77 
80 
79 
76 
83 
85 
80 
70 
82 
80 
82 
75 
77 
83 
89 
89 
77 
82 
83 
89 
76 
84 
77 
78 
83 
81 
78 
83 
2.486 
80.2 

56* 
58 
61 
52 
53 
66 
58 
61 
62 
56 
59 
59 
55 
58 
59 
62 
65 
67 
67 
63 
59 
58 
64 
59 
61 
64 
54 
55 
60 
61 
58 
1.839 
59.3 

68.0* 
65.5 
68.5 
64.5 
66.5 
67.0 
66.5 
72.0 
73.5 
68.0 
64.5 
70.5 
67.5 
70.0 
67.0 
69.5 
74.0 
78.0 
78.0 
70.0 
70.5 
70.5 
76.5 
67.5 
72.5 
70.5 
66.0 
60.0 
70.5 
69.5 
70.5 
2.162.5 
69.8 

S.  W. 
S.  W. 
N.  W. 
S.  W. 
S.  W. 
S.  W. 

S. 
S.  W. 

w. 
w. 

N.E. 

Variable. 

W. 

S.  W. 

E. 

S. 

s.  w. 
s.  w. 
s.  w. 

8.  W. 

w. 

s. 

N.E. 

E. 
S.  W. 

s. 

W. 

s.  w. 
s.  w. 

Variable. 
W. 

Clear. 

2 
3 
4 

.06 
.02 

Fair. 
Fair. 
Clear. 

5 

Clear 

6 

Qcar 

7 

aoudy. 
Fair. 

8 

9 

Clear. 

10 

Clear. 

11 
12 
13 

.05 
.01 

Cloudy. 
Fair. 
Clear. 

14 

Gear. 

15 

Fair. 

16 

Fair. 

17 

Fair. 

18 

Fair. 

19 

Fair. 

20 
21 

.20 

Fair. 
Clear. 

22 

Fair. 

23 

Fair. 

24 

Cloudy. 
Fair. 

25 

26 
27 

.27 

Fair. 
Clear. 

28 

Clear. 

29 
30 
31 

Trace. 
.11 

Fair. 
Fair. 

Suin 

.72 

Maximum  temperature,  89*  ; 
3;  prevailing  wind,  Southwest. 


minimum,  52*  ;  mean,  69.8*  ;  clear  days,  12;  fair,  16;  cloudy. 
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WEATHER  SUMMARY  FOR  AUGUST,   1907. 


Tbmpbratubk. 

Prbcipita- 

TION. 

(Inchea.) 

Pbbvailing 
Wind. 

Chabacte: 
OP  Day. 

Max. 

MiN. 

MSAN. 

1 

80** 
80 
85 
72 
77 
73 
85 
85 
76 
81 
85 
83 
87 
81 
78 
77 
70 
86 
77 
80 
84 
77 
75 
65 
78 
74 
74 
75 
77 
73 
73 
2.423 
78.2 

58* 
61 
61 
55 
61 
61 
61 
61 
67 
59 
62 
64 
63 
56 
50 
50 
55 
62 
48 
50 
61 
54 
51 
55 
69 
51 
46 
55 
48 
48 
54 
1.727 
55.7 

69.0* 
70.6 
73.0 
63.6 
64.0 
67.0 
73.0 
73.0 
66.6 
70.0 
73.5 
73.6 
75.0 
68.6 
64.0 
63.6 
62.5 
74.0 
62.5 
65,0 
72.5 
65.5 
63.0 
60.0 
68.5 
62.5 
60.0 
65.0 
62.5 
60.5 
63.6 
2.075 
66.9 

S.  W. 

s.  w. 
w. 

N.  W. 

s. 

s.  w. 

w. 

E. 

S.  E. 
S. 
S. 

s.  w. 

w. 

w. 

w. 
s.  w. 
s.  w. 

N.  W. 

w. 
s.  w. 
s.  w. 
s.  e. 

S.  E. 
S.  E. 

W. 

W. 

w. 
w. 
w. 
w. 

N.  W. 

Fair. 

2 

Fair. 

3 

Clear 

4 
5 

.44 

Fair. 
Fair 

6 

7 
8 

.07 
.05 

Fair. 
Clear. 
Clear. 

9 

Fair. 

10 

Fair. 

11 

Clear. 

12 

Fair 

13 

Fair. 

14 

Clear. 

15 

Clear. 

16 

Clear. 

17 
18 

.05 

aoudy. 
Fair. 

19 

Clear. 

20 

Clear. 

21 
22 

.17 

Cloudy. 
Fair. 

23 

Fair. 

24 
25 

.69 

Rain  and  f 
Fair. 

26 

Clear. 

27 
28 

.02 

Fair. 
Clear. 

29 

Clear. 

30 
31 

Trace. 

Cloudy. 
Clear. 

Sum 

1.49 

Mean 

Maximum  temperature,  87*  ;    Minimum,  46* 
Cloudy.  4;  Prevailing  wind.  West. 


Mean,  66.9*  ;    Clear  days,  13;    Fair, 
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WEATHER  SUMMARY  FOR  SEPTEMBER,   1907. 


1                   T 

Max. 

1 

BlIPERATUR] 
MlN. 

Mban. 

Precifita- 

TION. 

(iDchee.) 

Prbtailikq 
Wind. 

Character 
OF  Day 

1 

69** 

49" 

6».(y* 

N.  W. 

Fair. 

2 

65 

48 

66.6 

.63 

S. 

.     Bainy. 

3 

73 

60 

66.6 

.43 

8.  E. 

Rainy. 

4 

76 

64 

60.6 

2.63 

a 

Rainy. 

5 

73 

66 

60.0 

.36 

s. 

Ooady  and  zmin. 

6 

78 

60 

60.0 

w. 

Fair. 

7 

76 

63 

64.6 

8.  W. 

Clear. 

8 

70 

67 

63.6 

Trace. 

8. 

Cloudy. 

9 

70 

60 

64.6 

N.  E. 

Cloudy. 

10 
11 

72 

60 

66.6 

N.  E. 

Cloudy. 

76 

61 

68.0 

.26 

S.  E. 

Cloudy  and  rain. 

12 

75 

68 

66.6 

W. 

Clear. 

13 

78 

64 

66.0 

s. 

Clear. 

14 

78 

66 

67.0 

Variable. 

Clear. 

15 

79 
84 
83 

68 
62 
63 

68.5 
73.0 
73.0 

W. 

s.  w. 

8.  W. 

Clear. 

16 

Fair. 

17 

Fair. 

18 

66 

60 

67.6 

N.E. 

aoudy. 

19 

60 

47 

63.6 

N.E. 

aoudy. 

20 

67 

62 

69.6 

8. 

Cloudy. 

21 

83 

63 

73.0 

8.  W. 

Fair. 

22 

76 

62 

69.0 

Trace. 

8.  W. 

Cloudy. 

23 

72 

54 

63.0 

.81 

8.  W. 

Cloudy  and  rain. 

24 

76 

60 

67.5 

.17 

8.  W. 

Fair. 

25 

65 
60 
62 
68 

46 
38 
36 
61 

55.5 
49.0 
49.0 
60.5 

N.  W. 

W. 

W. 
N.E. 

Clear. 

26 

Clear. 

27 

Fair. 

28 

Trace. 

Cloudy. 

20 

67 

44 

50.6 

1.81 

N.E. 

Rainy. 

30 

57 

40 

48.5 

8.  W. 

Fair. 

Sum 

Mean 

2.140 
71.3 

1.620 
54.3 

1  884  5 

6  89 

62.8 



1 

Maximum  temperature,  84° 
15:  Prevailing  wind.  West. 


Minimum,  36<' ;   Mean,  62.8°  ;  Gear  days,  7;  Fair.  8;  Cloudy. 
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Report  op  the  Meteorologist. 


WEATHER  SUMAIARY  FOR  OCTOBER,   1907. 


Tkmperature. 

Pbbciptta- 

TION.  . 

(IncheB.) 

Prkvaiunq 
Wind. 

Chabactej 
OF  Day. 

Max. 

MiN. 

MSAN. 

1 

59« 
62 
67 
65 
65 
60 
67 
65 
55 
57 
62 
62 
60 
60 
59 
64 
67 
68 
52 
51 
45 
56 
63 
60 
58 
60 
54 
60 
56 
47 
51 
1,816 
58.6 

38» 
35 
42 
57 
46 
35 
44 
38 
29 
36 
40 
43 
38 
37 
37 
36 
40 
43 
29 
32 
29 
26 
39 
32 
25 
30 
30 
53 
37 
29 
24 
1.127 
36.4 

48.6« 
48.5 
64.6 
61.0 
55.6 
47.5 
55.5 
51.6 
42.0 
46.0 
51.0 
52.5 
49.0 
48.5 
48.0 
49.6 
53.5 
55.5 
40.5 
41.5 
37.0 
41.0 
61.0 
41.0 
41.5 
40.0 
42.0 
56.6 
46.0 
38.0 
37.5 
1,471.5 
47.6 

N.  W. 
N.  W. 
S.  W. 
S.  W. 

W. 

W. 

s. 
w. 

S.E. 

s. 

S.E. 
W. 

N. 

N.E. 

W. 

W. 

s.  w. 
w. 
w. 
s. 
w. 
w. 

8.  W. 
W. 

s.  w. 
w. 

S.  E. 

a  E. 

N.  W. 

w. 

N.E. 

Clear. 

2 

Clear. 

3 

Clear. 

4 
5 

.67 

Rainy. 
Clear. 

6 

Clear. 

7 

Clear. 

8 
'  9 

1.26 

Fair. 
Clear. 

10 

Fair. 

11 

Clear. 

12 

Fair. 

13 

Clear. 

14 

Fair. 

15 

Clear. 

16 

Clear. 

17 

Clear. 

18 

Clear. 

19 

Clear. 

21 

.11 

Cloudy  and 
Clear. 

22 

Clear. 

23 

Clear. 

24 

Clear. 

25 

Fair. 

26 

Clear. 

27 

Cloudy. 

28 
29 
30 

.68 
.46 

Cloudy  and 
Clear. 
Clear. 

31 

Clear. 

Sum 

3.06 

Mean 

Maximum  temperature.  68°;    Minimum,  24**;    Mean.  47.5° 
Cloudy.  4 ;   Prevailing  wind,  Weat. 


;    Clear  days.  22;    Fai 
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WEATHER  SUMMARY  FOR  NOVEMBER,   1907. 


Tbmpkbaturb. 

Precipita- 
tion. 

(Inehfls.) 

Prxvailzno 
Wind. 

Charactxk 

OF  DaT. 

Max. 

BilN. 

Mean. 

1 

53« 
55 

30* 
37 

41.5«» 
46.0 

W. 
N.E. 

Fair. 

2 

.24 

Rainy. 

3 

60 

47 

53.5 

.45 

W. 

aear. 

4 

50 

34 

42.0 

W. 

aear. 

5 

55 
55 

25 
40 

40.0 
47.5 

aE. 

N.E. 

Clear. 

6 

2.44 

Rainy. 

7 

56 

43 

49.5 

' 

W. 

Cloudy. 

8 

54 
60 
56 

39 
41 

47 

46.5 
60.5 
51.5 

W. 

S.  W. 

s. 

Fair. 

9 

Fair. 

10 

.12 

Rainy. 

11 

54 
40 

34 
26 

44.0 
33.0 

N.  W. 
W. 

Fair. 

12 

Cloudy. 

13 

42 

27 

34.5 

.03 

N.  W. 

Fair. 

14 

40 
42 
45 
47 
47 

24 
21 
27 
28 
29 

32.0 
31.5 
36.0 
37.5 
88.0 

W. 
W. 
N.E. 
W. 
W. 

Clear. 

15 

Qear. 

16 

Clear. 

17 

Clear. 

18 

.05 

19 

47 

36 

41.5 

.54 

N. 

Fair. 

20 

40 

48 

30 

27 

85.0 
37.5 

N. 
N.E. 

Fair. 

21 

.19 

Cloudy  and  rain» 

22 

55 

48 

51.5 

.31 

N. 

Goudy. 

23 

53 
42 

42 
37 

47.5 
89.5 

N.E. 

N.E. 

Cloudy. 

24 

.88 

Rainy. 

25 

45 

36 

40.5 

2.71 

N.  W. 

Rain  and  fair. 

26 

40 

28 

84.0 

.07 

W. 

Fair. 

27 

43 
53 
43 
40 
1,460 
48.7 

30 
28 
30 
25 
996 
33.2 

86.5 
40.5 
36.5 
32.5 
1.228 
40.9 

W. 
W. 
W. 

N. 

Clear. 

28 

Fair. 

29 

Fair. 

30 

Clear. 

Sum 

8.03 

Mean 

Maximum  temperature,  60*  ;    Minimum, 
Cloudy.  10  ;  Prevailing  wind,  West. 


26*  ;      Mean.  40.9*  ;    Qear  days,  9  ;  Fair.  11; 


Report  op  the  Meteorologist. 


WEATHER  SUMMARY  FOR  DECEMBER,   1907. 


Tkmpebature. 

Precipita- 
tion. 

(Inches.) 

Prevailing 
Wind. 

Charact 
OF  Dai 

Max. 

MiN. 

Mean. 

1 

30^' 
32 
36 
28 
30 
34 
46 
51 
55 
55 
52 
35 
36 
33 
37 
35 
38 
40 
36 
36 
40 
44 
55 
50 
42 
47 
52 
53 
47 
54 
47 
1.306 

1  ''■' 

230 
18 
16 
23 
19 
14 
22 
25 
33 
44 
32 
25 
18 
25 
30 
26 
25 
22 
20 
20 
24 
21 
32 
32 
26 
29 
28 
39 
29 
29 
32 
801 
25.8 

26.5*» 
25.0 
26.0 
25.5 
24.5 
24.0 
34.0 
38.0 
44.0 
49.5 
42.0 
30.0 
27.0 
29.0 
33.5 
30.5 
31.5 
31.0 
28.0 
28.0 
32.0 
32.5 
43.5 
41.0 
34.0 
38.0 
40.0 
46.0 
38.0 
41.5 
39.5 
1,053.5 
34. 

N.  E. 

W. 
S.  W. 

N. 
N.  W, 

W. 
S.  W. 
S.  W. 

s.  w. 
s. 
w. 
w. 
w. 

N.E. 

N.  E. 

W. 

w. 

w. 

w. 
s.  w. 

w. 
s.  w. 

8. 

w. 

s.  w. 
w. 

Variable. 
S.  W. 

N.E. 
S. 
W. 

Cloudy 
Fair. 
Fair. 

2 
3 

.05 

4 
5 

.57 

Cloudy  and 
Fair. 

6 

Fair 

7 

Clear 

8 

Clear 

9 

Fair 

10 
11 

1.66 

Rainy 
Cloudj 
Clear 

12 

13 

Clear 

14 
15 
16 

.93 
.06 

Snow  and 
Cloud: 
Cloud' 

17 

Clear 

18 

Fair 

19 

Cleat 

20 

Fair 

21 

Cleat 

22 

Cleai 

23 
24 

2.45 

Rain] 
Clear 

25 

Fair 

26 

Clear 

27 

Cleai 

28 

Fair 

29 

Fair 

30 
31 

2.27 

Rain; 
Cleai 

Sum 

7.99 

Mean 

Maximum  temperature.  55^  ;  Minimum,  14** ;  Mean,  34** ;  Clear  dajrs,  12  ;  Fair,  10  ;  < 
9 !  Prevailing  wind,  West. 
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WEATHER  SUMMARY 

FOR  JANUARY,   1908. 

TSMPEBATURS. 

Prbcipita- 
noN. 

(InchM.) 

Prevailing 
Wind. 

Cbabactks 
or  Day. 

Max. 

MiK. 

Mban. 

1 

45» 
38 
35 
38 
40 
33 
51 
52 
38 
30 
40 
60 
48 
36 
36 
42 
32 
37 
38 
41 
52 
53 
36 
30 
28 
41 
48 
35 
38 
22 
20 
1.203 
38.8 

30O 
25 
21 
15 
12 
7 
20 
32 
23 
15 
16 
30 
35 
21 
17 
26 
14 
27 
16 
9 
31 
36 
25 
15 
10 
18 
22 
13 
22 
—2 
—4 
597 
19.3 

37. 5» 

31.5 

28.0 

26.5 

26.0 

20.0 

35.5 

42.0 

30.5 

22.5 

28.0 

40.0 

41.5 

28.5 

26.5 

34.0 

23.0 

32.0 

27.0 

25.0 

41.5 

44.5 

30.5 

22.5 

19.0 

29.5 

35.0 

24.0 

30.0 

10.0 

8.0 
900 

29 

W. 

W. 

N.  W. 

S. 

w. 
w. 

Variable. 

W. 

W. 

W. 

Variable. 

S.  E. 

S.  W. 

W. 

W. 
S.  W. 
S.  W. 

W. 

W. 
Variable. 
S.  W. 
S.  W. 
N.  E. 
N.  E. 

W. 

s.  w. 
s.  w. 
s.  w. 

w. 

w. 

w. 

Clear 

2 

Qear 

8 

CHetkT 

4 
5 

.28 

Rainy. 
Oear 

6 

Qear 

7 
8 

1.00 

Rainy. 
Fair 

9 

Qoudy. 
Clear 

10 

11 

Clear. 

12 
13 

.72 

Rainy. 

Cloudy. 

Clear. 

14 

15 

Clear. 

16 
17 

.16 

Fair. 
Clear. 

18 

Fair. 

19 

Clear. 

20 

Fair. 

21 

Fair. 

22 

Fair. 

23 

Fair. 

24 
25 

.80 

Cloudy  and  snow. 
Clear. 

26 

• 

Fair. 

27 
28 

.40 

Fair. 
Qear. 

29 
30 

.25 

Rain  and  snow. 
Clear. 

31 

Clear. 

Sum 

3.61 

Mean 

Maximum  temperature,  53** ;  Minimum, 
7  ;  Prevailing  wind.  West. 


' ;  Mean,  29*  ;  Clear  days.  15 ;  Fair.  9 ;  Cloudy 


Report  op  the  Meteorologist. 
WEATHER  SUMMARY  FOR  FEBRUARY,   1908. 


Tempbkaturb. 

Precipita- 
tion. 

(IncheB.) 

Prsvailino 
Wind. 

Characti 

OF  DaT, 

Max. 

MiN. 

Mean. 

1 

2 

48« 
34 
27 
20 
22 
42 
31 
16 
20 
31 
45 
34 
37 
40 
62 
42 
36 
28 
46 
40 
34 
36 
28 
30 
36 
37 
38 
36 
30 
998 
34.4 

lO** 
13 

9 

0 

—4 

21 

15 

2 
—3 

4 
18 
18 
23 
36 
38 
28 
24 
16 
18 
23 
16 
21 
10 
14 
10 
26 
34 
19 
15 
472 
16.3 

29.0" 
23.6 
18.0 
10.0 
9.0 
31.5 
23.0 
8.6 
8.6 
17.5 
31.6 
26.0 
30.0 
41.0 
46.0 
36.0 
30.0 
21.6 
31.6 
31.6 
24.6 
28.6 
19.0 
22.0 
22.6 
31.6 
36.0 
27.0 
22.5 
736 
26.3 

.87 

S.  E. 
W. 

w. 
w. 

E. 
S.  W. 

W. 

W. 

W. 

S.  W. 

Variable. 

N.  E. 

S.  E. 

W. 

S. 

w. 

s.  w. 

w. 

N.  E. 

W. 
S.  W. 

W. 

s. 

N. 
N.E. 

E. 
N.  W. 

W. 

W. 

Rainy. 
Clear. 
Clear. 
Oear. 
Fair. 
Rain  and  i 
Clear 

3 

4 

6 
6 

7 

Trace. 
.83 

8 

aear. 
Clear. 

9 

10 

Clear. 

11 

Clear. 

12 

Clear. 

13 
14 

.30 

Rain. 
Cloudy. 
Qoudy, 

Clear 

16 
16 

.33 

17 

Fair 

18 

Clear. 

19 
20 

2.18 

Snow  and  i 
Fair. 

21 

Fair. 

22 

Clear. 

23 
24 

.42 

Fair. 
Clear. 

26 

Fair 

26 
27 

.73 

Rainy. 
Cloudy. 
Clear. 

28 

29 

Clear. 

fiflXn  ,   r  -  -   T    , 

5.66 

Mean 

Maximum  temperature,  52°  ;    Minimum, 
Ooudy,  8 ;  Prevailing  wind.  West. 
17 


Mean,  25.3*" ;    Clear  days,  16  ;  Fai 
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WEATHER  SUMMARY  FOR  MARCH,   1908. 


Tbmpbratdre. 


Max. 


MlN. 


Mban. 


Pbbctpita- 

TION. 

(InoheB.) 


PhSV  AILING 

Wind. 


Characteb 
OF  Dat. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Sum... 

Mean.. 


32» 
88 
38 
36 
37 
36 
48 
46 
40 
30 
62 
69 
46 
60 
62 
60 
33 
36 
47 
37 
40 
46 
46 
68 
45 
54 
66 
68 
60 
60 
48 
1,410 
46.5 


12<> 
28 
27 
20 
18 
22 
32 
26 
27 
14 
20 
38 
31 
39 
36 
28 
18 
27 
29 
24 
17 
26 
36 
42 
26 
28 
43 
39 
41 
31 
33 
869 
28 


22.0* 
33.0 
32.6 
28.0 
27.6 
28.6 
40.0 
36.0 
33.6 
22.0 
36.0 
46.0 
38.6 
49.6 
43.6 
39.0 
26.6 
31.0 
38.0 
30.6 
28.6 
36.0 
40.6 
60.0 
36.6 
41.0 
64.6 
48.6 
45.6 
40.5 
40.6 
1.139.5 
36.8 


.60 
.73 


.49 


.12 
.16 


.05 
.35 


.16 
.46 
.62 


.60 


.32 


.06 
4.38 


E. 

E. 
N.W. 
N.  W. 

W. 

E. 

W. 
S.  W. 

W. 

W. 
S.  W. 

W. 

S.  E. 

Variable. 

S. 

w. 

Variable. 
N.E. 
N.W. 

W. 

W. 
S.  W. 
S.  W. 
S.  W. 

W. 

s. 

Variable. 
S. 
W. 
W. 

8. 


Sqow  and  rain. 

Rainy. 

Fair. 

Clear. 

Clear. 

Snow  and  rain. 

Fair. 

Fair. 

Fair. 

Qear. 

Fair. 

aear. 

Fair. 

Clear. 

Cloudy. 

Clear. 

&10W  and  rain.. 

Rainy. 

Fair. 

Fair. 

dear. 

Fair. 

Qoudy. 

Fair. 

Oear. 

Fair. 

Cloudy 

Cloudy. 

Fair. 

Clear. 

Cloudy. 


Maximum   temperature,   66° :     Minimum, 
Cloudy.  10;  Prevailing  wind.  West. 


12^;    Mean,  36.8^';  Clear    days.  9;  Fair.  12; 


Report  op  the  Meteorologist. 
WEATHER  SUMMARY  FOR  APRIt,   1908. 


Tbmpsbaturb. 

Phecipita- 
noN. 

(Inchee.) 

Prsvailino 
Wind. 

Chabacti 

OF  DaT. 

Max. 

MiN. 

Mean. 

1 

50* 
55 
39 
34 
42 
64 
69 
55 
53 
51 
60 
49 
58 
51 
51 
53 
46 
53 
60 
46 
45 
58 
75 
62 
52 
78 
70 
65 
67 
66 
1,(577 
55.9 

32* 
31 
25 
21 
19 
35 
39 
38 
35 
28 
39 
26 
30 
26 
35 
28 
20 
32 
45 
32 
25 
31 
45 
44 
40 
51 
48 
47 
46 
44 
1,036 
34.5 

41.0'' 
43.0 
32.0 
27.6 
30.5 
49.5 
54.0 
46.5 
44.0 
39.5 
49.5 
37.5 
44.0 
38.5 
43.0 
40.5 
33.0 
42.5 
52.5 
39.0 
35.0 
44.6 
60.0 
53.0 
46.0 
64.5 
59.0 
56.0 
56.0 
55.0 
1,356.5 
46.2 

N.E. 

•  W. 

W. 

w. 

s.  w. 

w. 

s.  w. 

N.E. 
W. 

s.  w. 
w. 
w. 
w. 

Variable. 

S.  W. 

N.  W. 

Variable. 

S. 

N.  W. 

W. 

W. 

S.  W. 

S.  W. 

N.E. 

S.E. 

S.  W. 

s. 

8.  W. 

s. 

E. 

Clear. 

2 
3 

.32 

Fair. 
Clear. 

4 

Clear. 

5 
6 

.14 

Fair. 
Clear. 

7 

Fair. 

8 
9 

.68 

Rainy. 
Clear. 

10 
11 

.28 

Rainy. 
Cloudy  and  1 

12 

Clear. 

13 

Fair. 

14 

Clear. 

15 
16 

.40 

Cloudy  and  n 
Clear. 

17 

Clear. 

18 
19 
20 
21 

.29 
.30 
.06 

Qoudy  and  n 
Qoudy  and  ra 
Rain  and  sno 
Clear. 

22 

Fair. 

23 

Clear. 

24 

Clear. 

25 

Cloudy  and  f( 

26 
27 

.08 

Clear. 
Cloudy. 

28 

Cloudy. 

29 

Qear. 

30 
Sum 

.17 
2.72 

Cloudy  andZra 

Mean 

Maximum  temperature,  78** ;    Minimum, 
Cloudy,  11 ;  Prevailing  wind,  West. 


19'' ;     Mean.  45.2^  ;    Oear  days,  14 ;    Fair, 
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R.  I.  Agl.  Expt.  Sta.  Rept.,  1908. 
WEATHER  SUMMARY  FOR  MAY,   1908. 


Tbiiprratues. 

Peecipita- 

TION. 

(InoheB.) 

Pekvailino 
Wind. 

Chabacteb 

OF  DAT. 

Max. 

MiN. 

Mean. 

1 

2 
8 

66» 
68 
68 
60 
66 
66 
47 
67 
63 
67 
79 
69 
82 
67 
60 
68 
70 
76 
70 
63 
62 
65 
72 
82 
72 
73 
83 
67 
73 
70 
80 
2.067 
66.7 

42» 
38 
36 
37 
89 
42 
39 
43 
45 
40 
38 
53 
62 
46 
43 
44 
44 
62 
45 
60 
64 
55 
66 
68 
55 
62 
58 
61 
50 
68 
57 
1.471 
47.5 

48. 5« 

48.0 

47.0 

48.6 

62.0 

48.6 

43.0 

60.0 

64.0 

48.6 

68.5 

61.0 

67.0 

61.5 

51.5 

66.0 

67.0 

63.6 

67.5 

66.5 

68.0 

60.0 

63.6 

70.0 

63.5 

62.5 

70.5 

59.0 

61.5 

64.0 

68.5 

1.769 

•57.1 

.48 
.10 

W. 
8.  W. 

aw. 

8.  W. 

8. 

E. 
N.  E. 
N.  E. 
8.  W. 
N.  W. 

W. 
8.  W. 

W. 

N.  E. 

Variable. 

Variable. 

W. 
Variable. 

E. 

E. 

E. 

E. 
8.  E. 
8.  W. 
8.E. 
8.  W. 
8.  W. 
N.  E. 

8. 

E. 

8. 

Fair. 
Fair. 
Clear. 

4 

Gear. 

6 

Gear. 

6 

Cloudy. 

7 
8 
9 

2.00 
.     1.22 

Rainy. 

Rainy. 

Fair. 

10 

Fair. 

11 

Gear. 

12 

Gear. 

13 

Fair. 

14 

Goudy. 

15 

Goudy. 

16 

Gear. 

17 

Gear. 

18 

Gear. 

19 

Gear. 

20 
21 
22 
23 
24 

.08 
.11 
.18 
.90 

Rainy. 

Goudy. 

Goudy. 

Rain  and  fog. 

Gear. 

26 

GcAr. 

26 

Fair. 

27 

Fair. 

28 

Goudy. 

29 

Fair. 

30 
31 

.87 

Rainy. 
Gear. 

Sum 

Mean 

5.89 

Maximum  temperature,  83°  ;  Minimum,  36°  ; 
11 ;  Prevailing  wind,  Southwest. 


Mean.  67.1°  ;  Gear  days.  12 ;  Fair.  8  ;  Goudy 
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RSPOBT  OF  THS   MeTEOBOLOGIST. 
WEATHER  SUMMARY  FOR  JUNE,   1908. 


TsifPERATURK. 

pBBCiFrrA- 

TION. 

(Inohee.) 

Pbevailing 
Wind. 

Chabagter 
OF  Day. 

Max. 

MiN. 

Mean. 

1 

2 

76** 
75 
67 
76 
72 
65 
79 
83 
76 
79 
78 
76 
80 
83 
76 
72 
70 
72 
76 
89 
85 
82 
77 
84 
81 
74 
76 
76 
82 
86 
2.321 
77.4 

65*» 
44 
42 
51 
51 
43 
44 
52 
65 
59 
57 
55 
64 
66 
59 
66 
48 
60 
46 
60 
63 
61 
60 
62 
66 
57 
52 
59 
61 
64 
1.640 
64.7 

66.5'' 
69.5 
64.5 
63.5 
61.5 
54.0 
61.5 
67.5 
65.5 
69.0 
67.5 
65.0 
67.0 
69.0 
67.5 
64.0 
59.0 
61.0 
61.0 
74.5 
74.0 
71.5 
68.5 
73.0 
73.0 
66.5 
64.0 
67.5 
71.5 
74.5 
1980.5 
66. 

.08 

W. 

W. 

W. 

W. 

N.  E. 

Variable. 

W. 

W. 

S.  W. 

S.  W. 

Variable. 

W. 

W. 
S.  W. 

s. 

N.  W. 

Variable. 

S.  E. 

S.  W. 

W. 

W. 

Variable. 

S.  E. 

S. 

w. 

N.  E. 
S. 
S. 

s.  w. 
s.  w. 

Fair. 
Clear 

3 

Clear. 

4 

Fair. 

5 

Clear. 

6 

Clear 

7 

Clear. 

8 

Clear. 

9 

Clear. 

10 

Clear. 

11 
12 

.30 

Cloudy  and  rai 
Clear. 

13 

Clear. 

14 

Clear. 

15 

Fair. 

16 
17 

1.63 

-      Fair. 
Clear. 

18 

Clear. 

19 

Clear. 

20 

Fair. 

21 

Clear. 

22 

Clear. 

23 
24 
26 

.90 
.40 

Fair. 
Fair. 
Fair. 

26 

Clear. 

27 

Fair. 

28 

Fair. 

29 

Fair. 

30 

Clear. 

Sum  ..It.  . 

3.31 

Mean 

Maximum  temperature,  89** ;  Minimum,  42^  ; 
1 ;  Prevailing  wind.  West. 


Mean,  66° ;  Qear  days,  18  ;  Fair,  11 ;  Cloud 
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SUMMARY  BY  MONTHS,   1907-1908. 


MONTHB. 


I 
I 


5 


©a 
■fig 


IS 
sa 

li 
111 


§ 

J 

S 


I 


I 


1907. 

July 

August 

September. . 

October 

November. . . 
December. . . 

1908. 

January 

February. . . . 

Siarch 

April 

May 

June. 


Total. 
Mean. 


12 
13 

7 
22 

9 
12 

15 
15 
9 
14 
12 
18 


16 
14 
8 
5 
11 
10 

9 
6 

12 
5 
8 

11 


4 
15 

4 

10 

* 

9 

7 
8 
10 
11 
11 
1 


.72 
1.49 
6.89 
3.06 
8.03 
7.99 

3.61 
5.66 
4.38 
2.72 
5.89 
3.31 


13.0 

•  8.0 
12.5 
3.5 


8r» 

84*» 
68» 
60* 
55«» 

53«» 
52* 
66*» 

78« 


52* 
46« 
36* 
240 

25*» 
14» 


66.9*» 
62.8*» 
47. 6** 
40.9*» 
34. 0» 


29.0* 
25.3* 
12*  36.8* 
45.2^ 
57.1*» 
66.0* 


19* 


42* 


158 


115 


97 


53.75 


37 


S.  W. 
W. 
W. 
W. 
W. 
W. 

W. 
W. 
W. 
W. 
S.W. 
W. 


48.4* 
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SUMMARY,  JANUARY  1,  1890,  TO  JUNE  30,  1908,  INCLUSIVE. 


1892 

1893 

1894 

1896 

1896 

1897 

1898 

1899,  Jan.  1.  to  June  30 

July  1,  1899.  to  June  30.  1900. 
July  1,  1900.  to  June  30.  1901. 
July  1.  1901.  to  June  30.  1902. 
July  1.  1902.  to  June  30.  1903. 
July  1,  1903.  to  June  30.  1904. 
July  1.  1904.  to  June  30.  1905. 
July  1.  1905.  to  June  30.  1906. 
July  1,  1906.  to  June  30.  1907. 
July  1.  1907,  to  June  30.  1908. 


92«» 

—1* 

47.8* 

147 

116 

103 

92** 

—6* 

46.5* 

126 

130 

109 

93» 

—9* 

48.6* 

110 

130 

125 

93* 

—7* 

48.2* 

128 

114 

123 

93'* 

—11* 

47.7* 

131 

112 

123 

90'» 

—1* 

48.3* 

129 

126 

110 

95** 

—4* 

48.8* 

110 

114 

141 

95* 

—10* 

42.1* 

77 

44 

60 

90* 

—5* 

48.3* 

141 

113 

111 

97* 

-«* 

48.4* 

134 

97 

134 

93* 

—1* 

48* 

138 

116 

111 

90* 

—12* 

48.3* 

138 

90  131 

93* 

—16* 

45.7* 

156 

107 

103 

87* 

—4* 

45.3* 

151 

122 

92 

92* 

—3* 

48.4* 

175 

99 

91 

90* 

—9* 

46.5* 

136 

114 

115 

89* 

—4* 

48.4* 

158 

115 

93 

89 

42.56 

131 

67.33 

114 

48.19 

108 

49.28 

109 

49.87 

128 

54.26 

131 

72.21 

59 

26.79 

102 

61.67 

114 

48.47 

109 

63.14 

103 

59.27 

118 

50.06 

99 

41.64 

97 

63.57 

120 

48.01 

97 

63.76 

Average  temperature,  18^  years,  47.5*.        Average  precipitation.  18^  years,  61.01  inches. 
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REPORT  OF  THE  TREASURER 


The  Rhode  Island  AGBicumrniAL  Experiment  Station,  in  account  xoith  the 
United  States  Appropriations,  1907-1908. 

Dr. 

Hatch  Fund.  Adams  Fund. 

To  balance  from  appropriatioDS  for  1906-7 1 $ 

Receipts  from  the  treasiirer  of  the  United  States  as 

per  appropriations  for  fiscal  year  ended  June  30, 

1908,  imder  acts  of  Congress  approved  March  2, 

1887  (Hatch  Fund),  and  March  16,  1906  (Adams 

Fund) $15,000  00  $9,000  00 

Cr. 

Abstract. 

BySalaries 1   $8,193  23  $5,919  27 

Labor 2 1,788  03  1,096  57 

Publications 3  121  83     

Postage  and  stationery 4  283  49  11  44 

Freight  and  express 5 132  96  61  85 

Heat,  light,  water,  and  power 6  612  36  477  72 

Chemical  supplies 7  130  83  120  71 

Seeds,  plants,  and  svmdry  supplies. . .     8  370  37  207  72 

Fertilircrs 9   165  86  10103 

Feeding  stuffs 10 839  82  481  16 

Library 11   718  63  128  78 

Tools,  implements,  and  machinery. . .   12 230  75  52  00 

Furniture  and  fixtures 13  489  08  2  50 

Scientific  apparatus 14 158  76  106  45 

Livestock 15 115  56 

Traveling  expenses 16 192  95  112  24 

Contingent  expenses 17 15  00     

Buildings  and  land 18 556  05  5  00 

Balance 

Total $15,000  00  $9,000  00 


Report  op  the  Treasurer.  343 

We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation,  do  hereby 
certify  that  we  have  examined  the  books  and  accounts  of  the  Rhode  Island 
Agricultural  Experiment  Station  for  the  fiscal  year  ended  June  30,  1908;  that 
we  have  found  the  same  well  kept  and  classified  as  above;  that  the  receipts 
for  the  year  from  the  Treasurer  of  the  United  States  are  shown  to  have  been 
$15,000,  under  the  act  of  Congress  of  March  2, 1887,  and  $9,000,  imder  the  act  of 
Congress  of  March  16,  1906,  and  the  corresponding  disbursements  $15,000  and 
$9.000 ;  for  all  of  which  proper  vouchers  are  on  file,  and  have  been  by  us  examined 
and  found  correct,  thus  leaving  balances  of  $0,000.00  and  $0,000.00. 

And  we  further  certify  that  the  expenditures  have  been  solely  for  the  purposes 
set  forth  in  the  acts  of  Congress  approved  March  2,  1887,  and  March  16,  1906, 
and  in  accordance  with  the  terms  of  said  acts,  respectively. 

(Signed)  CHARLES  DEAN  KIMBALL, 

R.  S.  BURLINGAAIE, 

Auditore, 


C.  H.  CoGGESHALL,  TREASURER,  %n  occount  with  the  Rhode  Island  Aqrioitl- 
TURAL  Experiment  Station,  far  the  year  ended  June  30, 1908. 

Dr. 

To  balance  on  hand $3,947  94 

Receipts  from  other  sources  than  the  United  States 
for  the  year  ended  June  30,  1908 1,338  46 

Total $5,286  40 

Cr. 

By  Labor $    75 

Postage  and  stationery 96 

Freight  and  express 33  84 

Chemical  supplies 70 

Seeds,  plants,  and  sundry  supplies 13  37 

Fertilizers 55  80 

Tools,  implements,  and  machinery 21  69 

Furniture  and  fixtures 79  65 

Traveling  expenses 6  82 

Contingent  expenses 54  35 

Buildings  and  land 2  45 

Balance 5,016  02 

Total $5,286  40 

18 
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This  certifies  that  we,  the  undersigned,  duly  appointed  auditing  committee 
of  the  Board  of  Managers  of  the  Rhode  Island  College  of  Agriculture  and  Mechanic 
Arts,  have  examined  the  account  of  the  Treasurer  of  the  College,  C.  H.  Coggeshall, 
and  have  foimd  the  same  correct,  with  an  expenditure  of  $270.38  on  the  Miscel- 
laneous Accoimt  of  the  Experiment  Station,  thus  leaving  a  balance  of  $5,016.02 
in  the  treasury. 

(Signed)      CHARLES  DEAN  KIMBALL, 
R.  S.  BURLINGAME, 

Audilors. 


Digitized  by  VjOOQ IC 


EXCHANGES. 


Agricultural  Advertising,  Chicago,  111. 

Agricultural  Epitomist,  Spencer,  Ind. 

Agricultural  Gazette  of  New  South  Wales,  The,  Sydney,  Austral 

Agricultural  Ledger,  The,  Calcutta,  India. 

Agricultural  Student,  The,  Columbus,  Mo. 

A  Lavoura,  Boletim  da  Sociedade  Nacional  de'  Agricultura,  Rio 

Janeiro,  Brazil. 
American  Bee-Keeper,  The,  Fort  Pierce,  Fla. 
American  Cultivator,  The,  Boston,  Mass. 
American  Farm  World,  The,  Augusta,  Maine. 
American  Fertilizer,  The,  Philadelphia,  Pa. 
American  Fruit  and  Nut  Journal,  Peterburg,  Va. 
American  Home  Magazine,  New  York  City. 
American  Hay,  Flour,  and  Feed  Journal,  New  York. 
American  Philosophical  Society,  Proceedings  of  the  Society. 
American  Poultry  Advocate,  Syracuse,  N.  Y. 
American  Poultry  Journal,  Chicago,  111. 
American  Sheep  Breeder  and  Wool  Grower,  The,  Chicago,  HI. 
American  Stock  Farm,  Springfield,  Ohio. 
American  Stock  Keeper,  The,  Boston,  Mass. 
American  Sugar  Industry  and  Beet  Sugar  Gazette,  The,  Chicago, 
Annates  de  Gembloux,  Gembloux,  Belgium. 
Arboriculture,  Connersville,  Ind. 
Better  Fruit,  Hood  River,  Oregon. 
Boletim  da  Agricultura,  Sao  Paulo,  Brazil. 
Boletim  do  Museu  Goeldi,  Pari,  Brazil. 

Boletin  del  Ministerio  de  Agricultura,  Buenos  Ayres,  South  Ameri 
Boletin  Official  de  la  Secretaria  de  Agricultura,  Habana,  Cuba. 
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Breeder's  Gazette,  Chicago,  HI. 

Bulletins  of  the  Botanical  Department  of  Jamaica,  and  Reports  of 
Public  Gardens  and  Plantations. 

Bulletins  of  the  Hygienic  Laboratory,  Treasury  Department,  Wash- 
ington, D.  C. 

Bulletins  of  the  New  York  State  Museum. 

Cattle  Specialist,  The,  Waukesha,  Wis. 

Chicago  Daily  Drover's  Journal,  Chicago,  111. 

Colman's  Rural  World,  St.  Louis,  Mo. 

Connecticut  Farmer,  The,  New  Haven,  Conn. 

Cotton  Seed,  The,  Atlanta,  Ga. 

Elgm  Dauy  Report,-The,  Elgm,  lU. 

Evening  Tribune,  The,  Providence,  R.  I. 

Farm  and  Stock,  St.  Joseph,  Mo. 

Farm  Journal,  The,  Philadelphia,  Pa. 

Farm  Poultry  Monthly,  The,  Boston,  Mass. 

Farm  Press,  Chicago,  111. 

Farm  Progress,  St.  Louis,  Mo. 

Farm,  Stock,  and  Home,  Minneapolis,  Minn. 

Farmer's  Advocate,  London,  Ontario,  and  Winnipeg,  Manitoba. 

Farmer's  Guide,  The,  Huntington,  Ind. 

Farmers'  Review,  The,  Chicago,  HI. 

Feather,  The,  Washmgton,  D.  C. 

Feathered  World,  The,  London,  England. 

Flour  and  Feed,  Milwaukee,  Wis. 

Fruit  Grower,  The,  St.  Joseph,  Mo. 

Garden  Magazine,  The,  New  York  City. 

Gefliigel-Zuchter,  Hamburg,  Wis. 

Green's  Fruit  Grower,  Rochester,  N.  Y. 

Guernsey  Breeders'  Sale  List  &  Bulletin,  Peterboro,  N.  H. 

Gulf  Coast  Farmer,  Brownsville,  Tex. 

Hoard's  Dairyman,  Fort  Atkinson,  Wis. 

Holstein-Friesian  Register,  Brattleboro,  Vt. 

Homestead,  Des  Moines,  Iowa. 
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Exchanges. 

Hospodirsk6  Listy,  Chicago,  111. 

Illuminated  World  Life,  Minneapolis,  Minn. 

Indian  School  Journal,  The,  Chilocco,  Okla. 

Indiana  Farmer,  Indianapolis,  Ind. 

Industrious  Hen,  The,  Knoxville,  Tenn. 

Inland  Poultry  Joinrnal,  Indianapolis,  Ind. 

Jewish  Farmer,  The,  New  York  City. 

Journal  Board  of  Agriculture,  London,  England. 

Journal  of  Department  of  Agriculture,  Perth,  Western  Austra 

Journal  Royal  Horticultural  Society,  London,  England. 

Kansas  Farmer,  Topeka,  Kansas. 

Kimball's  Dairy  Farmer,  Waterloo,  Iowa. 

Long  Island  Agronomist,  Huntington,  L.  I.,  N.  Y. 

Market  Growers  Journal,  The,  Louisville,  Ky. 

Maryland  Agricultural  Quarterly,  College  Park,  Md. 

Metropolitan  and  Rural  Home,  The,  New  York  City. 

Miscellaneous  Publications,  Departments  of  Agriculture  and  Mil 

Natal,  Africa. 
Minnesota  and  Dakota  Farmer,  Brookings,  S.  D. 
National  Grange,  Philadelphia,  Pa. 
National  Stockman  and  Farmer,  Pittsburg,  Pa. 
New  England  Farmer,  The,  Brattleboro,  Vt. 
New  England  Homestead,  The,  Springfield,  Mass. 
New  Hampshire  Farmer  and  Weekly  Union,  Manchester,  N.  H. 
New  York  Farmer,  The,  Port  Jervis,  N.  Y. 
New  Zealand  Dairyman,  The,  Wellington,  N.  Z. 
Northwest  Horticultinrist,  Tacoma  and  Seattle,  Wash. 
Nut  Grower,  The,  Poulan,  Ga. 
O  Criador  Paulista,  Sao  Paulo,  Brazil. 
Ohio  Farmer,  The,  Cleveland,  Ohio. 
Oregon  Agricultinrist,  Portland,  Oregon. 
Pacific  Dairy  Review,  The,  San  Francisco,  Cal. 
Pigeons,  Peotone,  111. 
Poultry,  Peotone,  111. 
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Poultry  Gazette,  The,  Clay  Center,  Neb. 

Poultry  Herald,  St.  Paul,  Minn. 

Poultry  Husbandry,  Waterville,  N.  Y. 

Poultry  Keeper,  The,  Quincy,  111. 

Poultry  Success,  Sprmgfield,  Ohio. 

Poultry  Topics,  Lincoln,  Neb. 

Practical  Dairyman,  New  York  City. 

Practical  Farmer,  The,  Philadelphia,  Pa. 

Prairie  Farmer,  The,  Chicago,  111. 

Publications  of  Agricultural  Research  Institute,  Pusa,  India. 

Publications  of  Armstrong  College,  New  Castle-upon-Tyne,  Eng- 
land. 

Publications  of  Department  of  Agriculture  of  Victoria,  Melbourne, 
Australia. 

Publications  of  Department  of  Agriculture,  Ontario  and  Ottawa, 
Canada. 

Publications  of  Department  of  Agriculture,  Tallahassee,  Florida. 

Publications  of  Department  of  Agriculture,  Altanta,  Ga. 

Publications  of  Department  of  Agriculture,  Mysore  State,  India. 

Publications  of  Department  of  Agriculture,  Wellington,  New  Zea- 
land. 

Publications  of  Department  of  Agriculture,  Harrisburg,  Pa. 

Publications  of  Entologizka  Foreningen,  Stockholm,  Sweden. 

Publications  of  Estaci6n  Agricola  Experimental  de  Ciudad  Juirez, 
Chihuahua,  Mexico. 

Publications  of  Hawaiian  Sugar  Planters'  Association,  Honolulu, 
H.  T. 

Publications  of  Imperial  Agricultural  Experiment  Station,  Nishga- 
hara,  Tokyo,  Japan. 

Publications  of  Public  Museum   of  Milwaukee,   Milwaukee,    Wis. 

Publications  of  Smithsonian  Institution,  Washington,  D.  C. 

Publications  of  State  Board  of  Agriculture,  Augusta,  Maine. 

Publications  of  State  Board  of  Agriculture,  Boston,  Mass. 

Publications  of  State  Board  of  Agriculture,  Raleigh,  N.  C. 
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Publications  of  State  Board  of  Agriciilture,  Columbus,  Ohio. 

Publications  of  State  Board  of  Agriculture,  Providence,  R.  I. 

Publications  of  State  Board  of  Entomology,  Atlanta,  Ga. 

Publications  of  State  Board  of  Health,  Concord,  N.  H. 

Publications  of  University  College,  Bangor,  North  Wales. 

Rakings,  York,  England. 

Reliable  Poultry  Journal,  Quincy,  111. 

Republic,  The,  St.  Louis,  Mo. 

Rock  Products,  Chicago,  111. 

Rural  New  Yorker,  The,  New  York  City. 

Rural  World,  The,  London,  England. 

Skandinavisk  Farmer  Journal,  Minneapolis,  Minn. 

Southern  Farm  Magazine,  Baltimore,  Md. 

Southern  Fruit  Grower,  The,  Chattanooga,  Tenn. 

Southern  Planter,  The,  Richmond,  Va. 

Spokesman  Review,  The,  Spokane,  Wash. 

Standard,  The,  Quincy,  111. 

Suburban  Life,  Harrisburg,  Pa. 

Successful  Farming,  Des  Moines,  la. 
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1b  to  be  found  at  the  end  of  the  annual  report  for  each  year.  The  year  oorered  by  a  Tolome 
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beginning  with  rolume  4.  is  paged  separately.  The  Bulletins  of  a  given  year  precede  the  Re- 
port, and  the  latter  is  paged  In  continuation  of  the  last  Bulletin  belonging  In  the  volume. 
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Acknowledgments 231 

Agronomy,  report  of  division  of 220-222 

Alfalfa  meal,  analysis 242 

American  Agricultural  Chemical  Co/s  goods,  analyses 110-112 

Amaiba  meleagridis  associated  with  blackhead  of  turkeys 5-6,  297-298 

Andrews  &  Spelman's  wood-ashes,  analysis 120 

Animal  breeding  and  pathology,  report  of  division 219-220,  297-305 

feeding,  report  of  division 220 

meal,  analyses 162,  242 

for  chickens 125-132 

Armour  Fertilizer  Works*  goods,  analyses 112-133 

Beet  pulp,  analyses 172 

Bees,  cooperative  experiments  with 302,  306-311 

mating  experiments  with 306-31 1 

Note.— For  pp.  1-64,  aee  Bull.  123;  for  pp.  65-106,  see  Bull.  124;  for  pp.  107-122.  tee  Bull. 
125;  for  pp.  123-140.  see  BuU.  126;  for  pp.  141-180.  see  BuU.  127;  for  pp.  181-194.  see  Bull. 
128;  for  pp.  195-206.  see  Bull.  129. 
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Binding  bulletins  and  reports,  directions  for 350 

Blackhead  disease  of  turkeys,  duration  of 9-10 

experiments  on 16-25,  47-59,  72-105 

immunity  from 12-14 

parasite  of 6,  297-298 

rearing  and  management  with  reference  to . . .  1-64 

sunmiary  of  bulletins  on 62-64,  105 

symptoms  of 6-9 

transmission  of 10-12 

treatment  of 14-16 

Blood,  dried,  analysis 240 

Bone  constituents  for  chickens,  importance  of 131 

dissolved,  analysis 240 

ground,  analysis 240 

Bowker  Fertilizer  Co.'s  goods,  analyses 112-115, 120-121 

Breeding  work  with  pigeons 299-302 

Brewers'  and  distillers'  grains,  analyses 164 

Buffalo  Fertiliser  Co.'s  goods,  analyses 114-115 

Bulletins  published  during  the  year,  list 228 

Carbonate,  of  potash,  analysis 241 

Carnations,  greenhouse  experiment  with 190-192, 194 

Cattle,  recent  feeding  experiments  with  at  different  stations 144-153 

Chemistry,  report  of  division 218-219,  235-242 

Chickens,  comparison  of  concentrates  for 125-132 

feeding  experiment  with 125-132 

importance  of  bone  constiuents  for 125-132 

Chlorosis 269-272 

Coccidium  associated  with  blackhead  of  turkeys 297-298 

Cockerels,  crate  fattening  experiment  with 133-136 

Coe-Mortimer  Co.'s  goods,  analjrses 114-115 

Commercial  fertilizers,  analyses 107-122 

Co6perative  work 224-226,  302 

Cotton-seed  meal,  analyses 127, 162-163 

for  chickens 125-132 

NoTB.— For  pp.  1-64.  see  BuU.  123;  for  pp.  66-106,  see  Bull.  124;  for  pp.  107-122.  tee  Buli. 
125;  for  pp.  123-140.  see  Bull.  126;  for  pp.  141-180.  see  BuU.  127;  for  pp.  181-194,  tee  BuU. 
128;  for  pp.  196-206.  see  BuU.  129. 
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Grosses,  attempted 303 

Grow  as  a  menace  to  poultry  raisers 312-316 

Dairy  and  stock  feeds,  analyses 170 

Directions  for  binding  biilletins  and  reports 350 

Director's  report 217-231 

Eggs,  effect  on  hatch  of  turning  a  different  number  of  times 303 

Exchanges 345-349 

Feeding  experiments  at  other  stations 143-161 

with  cattle 144-153 

chickens 125-132 

cockerels 133-136 

hens 160-161 

sheep 153-155 

swine 155-160 

turkeys 59-61,  137-139 

stuffs,  analyses 162-172 

Feldspathic  rock  as  a  source  of  potassium,  experiments  with 195-206 

Ferrous  sulfate  compared  with  lime  as  to  the  effect  upon  seedlings . . .  286-287,  294 

toxicity  of,  to  barley  and  rye  seedlings 238-239,  286-294 

Fertilizers,  commercial,  analyses 107-122 

Frauley's  T.  H.,  wood-ashes,  analyses 120 

Gluten  feed,  analyses 127,  163-164,  242 

for  chickens 125-132 

Greenhouse  culture,  soil  treatment  in 183-194 

Hens,  recent  feeding  experiments  at  different  stations  with 160-161 

Hominy  meal,  analyses 169 

Horse  feeds,  analyses 170 

Horticulture,  division  of 217-218 

Hybrid,  from  a  pheasant  cock  and  bantam  hen 303 

Improvements 222-223,  304 

Infectious  Entero-liepatitiSj  see  Blackhead  disease  of  turkeys. 

NoTB.— For  pp.  l-M,  see  BuU.  123;  for  pp.  66-106,  see  BuU.  124;  for  pp.  107-122,  see  Bull. 
125;  for  pp.  123-140.  see  Bull.  126;  for  pp.  141-180,  see  BuU.  127;  for  pp.  181-194.  tee  Bull. 
128;  for  pp.  195-206.  see  Bull.  120. 
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Inspection  of  feeding-stuffs 236 

fertilizers 120 

Joynt's  John,  wood  ashes,  analysis 120 

Legumes,  nitrogen-gathering  value  of 237 

Leg  weakness 299 

Lettuce,  greenhouse  experiment  with 183-184,  186-190,  193-194 

Lime,  its  effect  compared  with  that  of  ferrous  sulfates 286-287,  294 

Limestone,  analysis 241 

Linseed  meal,  analjrses 163,  242 

Magnesium  in  excess  of  calcium  in  nutrient  solutions,  effect  of 272-281 

Meteorologist,  report 325-341 

Milk,  investigations  of  ropy 302-303 

granulated,  analysis 242 

for  chickens 125-132 

Mitchell  Fertilizer  Co.'s  goods,  analyses 114-115 

Mixed  feed,  analyses 167-168,  242 

Molasses,  analysis 242 

Muriate  of  potash,  analyses 121,  241 

National  Fertilizer  Co.'s  goods,  analyses 114-115,  121 

Needs  of  the  station 223-224,  305 

Nitrate  of  soda,  analyses 121,  240 

Nitrogenous  manures,  availability  of 236-237 

Parmenter  &  Polsey  Fertilizer  Co.'s  goods,  analyses 114-115 

Pedigree  records,  method  of  keeping 317-324 

Phosphorus,  effect  of  other  nutrients  on  the  absorption  of 253-256 

influence  of,  on  the  effect  of  sodium 256-269 

in  turnips,  form  of 235-236 

Pigeons,  breeding  work  with 299-302 

Potassium  in  feldspathic  rock,  availability  of 197-206,  238 

nitrate,  analysis 241 


Note.— For  pp.  1-M.  see  Bull.  123;  for  pp.  66-106.  see  Bull.  124;  for  pp.  107-122.  see  Bull. 
125;  for  pp.  123-140.  see  Bull.  126;  for  pp.  141-180.  see  BuU.  127;  for  pp.  181-194,  see  BuU. 
128;  for  pp.  195-206.  see  BuU.  129. 
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Paok. 

Poultry  feeds,  analyses 171 

raising,  the  crow  as  a  menace  to 312-316- 

Provender,  analyses 168-169 

Radishes,  greenhouse  experiment  with 183-186,  192-193^ 

Reynolds's,  Jas.  L.  goods,  analysis 116-117 

Rogers  &  Hubbard  Co/s  goods,  analyses 116-117 

Ropy  milk,  investigations  of 302-303 

Russia  Cement  Co.'s  goods,  analyses 116-117 

Salt,  analysis 241 

Sanderson  Fertilizer  and  Chemical  Co.'s  goods,  analyses 116-117 

Sheep,  recent  feeding  experiments  at  different  stations 153-155 

Shoemaker  &  Co.'s  goods,  analyses 118-119" 

Sludge,  analyses 239 

Sodium  as  a  partial  substitute  for  potassium 238,  243-285 

carbonate,  analysis 241 

comparison  of  rye  and  barley  seedlings  with 247-248- 

wheat  seedlings  with 246-247 

effect  of,  as  influenced  by  phosphorus 256-269 

on  different  crops 246-250* 

plant  composition 236- 

with  various  ratios  of  calcium  to  magnesium 272-279 

summary  of  experiments  with 283-285 

Soil  tests  with  seedlings 237-23S 

Staff  of  the  station 208 

changes  in 226-227 

Sulfate  of  ammonia,  analysis 240 

potash,  analysis 241 

Swift's  Lowell  Fertilizer  Co.'s  goods,  analyses 118-11^ 

Swine,  recent  feeding  experiments  at  different  stations 155-160 

Treasurer,  report 342-344 

Turkey  brooding 40-42 

data,  miscellaneous 102-105 

diseases 42-44 

Note.— For  pp.  1-64,  see  Bull.  123;  for  pp.  65-106.  see  Bull.  124;  for  pp.  107-122,  see  Bull, 
125;  for  pp.  123-140,  see  BuU.  126;  for  pp.  141-180,  see  Bull.  127;  for  pp.  181-194.  see  Bull. 
128;  for  pp.  195-206,  see  Bull.  129. 
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Pagk. 

Turkey  eggs  and  hatching 37-40 

feeding 32-35 

matingB 37,  69-70 

stock 30-37,  08-69 

yards,  nests,  etc 25-32,  71-72 

Turkeys,  cost  of 45-47 

feeding  experiments  with 59-61,  137-139 

rearing  and  management  of,  with  special  reference  to  the  blackhead 

disease 1-64 

Wheat  bran,  analyses 165-166 

middlings;  analyses 164-165 

Wilcox  Fertilizer  Works'  goods,  analyses 118-119,  121 

Wood-ashes,  analyses 120 

Wool  dust,  analyses 240 

Work  of  the  station 228-231 

Wunsch  Manufacturing  Co.'s  goods,  analyses 118-1 19 


NoTi.— For  pp.  1-^,  see  BuU.  123;  for  pp.  65-106,  see  Bull.  124;  for  pp.  107-122,  see  Bull. 
12S;  for  pp.  123-140.  see  Bull.  126;  for  pp.  141-180,  see  Bull.  127;  for  pp.  181-194.  see  BulL 
128;  for  pp.  195-206,  see  Bull.  129. 
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